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ABSTRACT
Nmr s p e c t r a l  d a ta  I n d ic a te  t h a t ,  In  s im ple  N -n i t ro s a m ln e s , 
t h e r e  i s  a  s u b s t a n t i a l  energy b a r r i e r  to  r o t a t i o n  abou t th e  N-N bond. 
N -N i t r o s o -1 ,3 ,3 - t r im e th y l - 2 - a z a b ic y c lo [ 2 .2 . 2 ]oc tan-5~one  (VIII^) , N- 
n i t r o s o - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c t a n e  (XXJjt), N - n i t r o s o - ^ - a z a t r i c y c lo -  
[ 4 . 3 . 1 . 1 3 , 8 ]undecane (XIV), N -n i t ro s o -7 ~ a z a b ic y c lo [4 .2 .2 ]d e c a n e  ( x x ) , 
and N - n i t r o s o - l l - a z a b ic y c lo [ J + .^ . l ] u n d e c - l - e n e  (XXIIjt) were sy n th es ized  
and t h e i r  s t r u c t u r e s  were i n v e s t ig a te d  by means o f  nmr te c h n iq u e s ,  in ­
c lu d in g  th e  use  o f  europium s h i f t  r e a g e n t .  N itro sam ines  and XXII
a r e  o b ta in e d  as s in g le  compounds, w ith  th e  n i t r o s o  oxygen a n t i  to  the 
a d ja c e n t  b r id g e h e ad ,  and n i t ro sa m in e s  XIV, XX, and XXIII a r e  o b ta ined  
as  m ix tu res  o f  n o n - e q u i l ib r a t in g  s te r e o is o m e rs .  The s i z e  o f  th e  
h e t e r o c y c l i c  r in g  in f lu e n c e s  the  geometry between th e  b ridgehead  
hydrogen (o r  m ethyl) and the  NNO m oiety s u f f i c i e n t l y  to  accoun t f o r  
th e s e  d i f f e r e n c e s .
P h o to e le c t ro n  (pes)  s p e c t r a  o f  a s e r i e s  o f  N -n itro sam ines  
have been o b ta in e d  and compared w ith  the  r e s u l t s  of CNDO/2 and CNDO/S 
c a l c u l a t i o n s ;  a l l  o b se rv ab le  pes bands have been a s s ig n e d .  The most 
e n e r g e t i c  occupied  m o lecu lar  o r b i t a l  i s  a TT o r b i t a l ,  and th e  nex t most 
e n e r g e t i c  occupied  o r b i t a l  i s  an n o r b i t a l  lo c a l i z e d  on th e  n i t r o s o  
oxygen. Bond o r d e r s ,  charge  d e n s i t i e s ,  and d ip o le  moments de term ined  
by th e  c a l c u l a t i o n s  a r e  p re sen te d  and d i s c u s s e d .  The c a l c u l a t e d  IT 
charge  d e n s i t i e s  in d ic a te  t h a t  th e  amino n i t r o g e n  i s  e l e c t r o n  d e f i c i e n t ;  
however, th e  c a l c u l a t e d  t o t a l  charge  d e n s i t i e s  i n d i c a t e  t h a t  th e  amino 
n i t r o g e n  i s  s l i g h t l y  e l e c t r o n  r i c h .  B a r r ie r s  to  syn- a n t i  is o m e r iz a t io n
xi
o f  d im e th y ln itro sam in e  by means o f  b o th  r o t a t i o n  around th e  N-N bond 
and in v e r s io n  a t  th e  n i t r o s o  n i t r o g e n  have been c a l c u l a t e d  by means of 
th e  CNDO/2 method. The in v e r s io n a l  b a r r i e r  i s  fo u r  tim es g r e a t e r  than
t
th e  r o t a t i o n a l  b a r r i e r .  The c a l c u l a t e d  r o t a t i o n a l  b a r r i e r ,  18 .2  k c a l /m o l ,  
i s  about th e  same as  th e  e x p e r im e n ta l ly  determ ined b a r r i e r ,  23 k c a l /m o l .
C onform ationa l a n a ly se s  o f  m ethy lp h en y ln itro sam in e  and of 
d i is o p ro p y ln i t r o s a m in e  have been made by means o f  th e  CNDO/2 method and 
have been compared w ith  th e  a n a ly se s  of p rev ious  i n v e s t i g a t i o n s .
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PART I
AN NMR STUDY OF STRUCTURE IN SOME BI- 
AND TRICYCLIC N-NITROSAMINES
FOREWORD
P a r t  I  o f  t h i s  D i s s e r t a t i o n  i s  composed o f th re e  c h a p te r s .  
C hap ter  I  c o n ta in s  background in fo rm a tio n  on the  nmr sp ec tro sco p y  and 
s t r u c t u r e  o f  s e v e r a l  a c y c l ic  N -n i t ro sa m in e s .  Chapter I I  p ro v id e s  th e  
background to  e x p la in  how la n th a n id e  s h i f t  re a g en ts  a re  used t o  s im p l i fy  
th e  nmr s p e c t r a  o f  a number o f  d i f f e r e n t  k in d s  o f  o rg a n ic  compounds.
In  C hap ter  I I I ,  th e  r e s u l t s  o f  th e  nmr and s h i f t  reag en t  s tu d ie s  of 
some b i -  and t r i c y c l i c  N -n itro sam in es  a re  p re se n te d  and d is c u s s e d .
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CHAPTER I
THE STRUCTURE OF SOME DIALKYL N-NITROSAMINES
N uclear M agnetic Resonance S tu d ie s
The f i r s t  d e f i n i t e  c o n c lu s io n s  re g a rd in g  th e  s t r u c t u r e  o f  N-
n i t ro sa m in e s  were made p o s s ib le  by means o f  n u c le a r  m agnetic  resonance  
(nmr) s t u d i e s . 1”3 The nmr spectrum  o f  N -n itro sod im ethy lam ine  c o n s i s t s  
o f  two e q u a l ly - in te n s e  re so n an c es ,  i n d i c a t i n g  t h a t  t h e r e  i s  a su b s ta n -  
t i a l  energy  b a r r i e r  to  r o t a t i o n  around th e  N-N bond . 1 The compound i s  
c o n v e n ie n t ly  re p re se n te d  by a z w i t t e r io n ic  s t r u c t u r e  ( l a ) . 1 Two con­
fo rm a tio n s  (E and z )  o f  N -n i t ro so  d e r i v a t i v e s  o f  unsym m etrical secondary
1 la
l h f 11—2
2
amines a re  p o s s ib le  ( £ . £ . ,  IPJE and 11^-2).1-3 P ro tons  s i t u a t e d  above
h e ld  in  th e  p lan e  a r e  d e s h ie ld e d .3
The room te m p e ra tu re  30 MHz nmr spectrum  of N -n i t ro so d im e th y l-  
amine, jl , c o n s i s t s  o f  two e q u a l ly  in te n s e  s i n g l e t s  s ep a ra te d  by 19 H z .1 
The nonequivalence  o f  th e  two m ethyl groups in d i c a t e s  a  s u b s t a n t i a l  
b a r r i e r  to  r o t a t i o n  around th e  N-N b o n d .1 D is c r e te  resonances  f o r  non­
e q u iv a le n t  groups a r e  observed  i f  en v iro n m en ta l  exchange o f  th e  n u c le i
p roceeds  a t  an average  r a t e  o f  l e s s  th a n  L /r  -  6oj/ / ^ ; 1 »4 6u) i s  th e  
s e p a r a t io n  o f  the  two re sonances  and t  i s  th e  l i f e t i m e  in  e i t h e r  p o s i ­
t i o n .  Only a s in g le  resonance  lo c a te d  between th e  resonance  p o s i t i o n s  
o f  th e  two n o n -e q u iv a le n t  n u c le i  in  a " s low ly"  changing  environment is  
observed  i f  th e  r a t e  o f  en v iro n m en ta l  exchange i s  g r e a t e r  th a n  6 iv / /^ .z f 4 
Thus, i f  r o t a t i o n  around th e  N-N bond o f  N -n itro sod im ethy lam ine  proceeds 
a t  a r a t e  o f  2TT(l9)//2 = 84 s e c " 1 o r  more a t  room tem p e ra tu re  only a 
s in g l e  resonance  would be o b s e r v e d .1 Because two re sonances  a re  ob­
served  in  th e  nmr spectrum  t h e r e  must be a  b a r r i e r  t h a t  i s  la rg e  enough 
to ' reduce  th e  r a t e  o f  e i t h e r  in v e r s io n  a t  th e  n i t r o s o  n i t r o g e n  o r  r o t a ­
t i o n  around the  N-N bond to  l e s s  than  84 s e c -1  a t  room t e m p e r a tu r e .1
o r  below th e  p lan e  o f  th e  Ca dQ!NNO group a re  s h ie l d e d ,  whereas p ro tons
O
I
The magnitude o f  th e  energy  b a r r i e r  to  in v e r s io n  o r  r o t a t i o n  
has been found to  be 23 k c a l / m o l .1 The tem pera tu re  dependence o f  th e  
nmr spectrum  (nea t) ,  shown in  F ig u re  1, was used to  f in d  t h i s  b a r r i e r . 1 
The n um erica l  va lu e  o f  th e  b a r r i e r  was found by means o f  th e  m a th em atica l  
methods developed by Gutowsky and Holm.4 I f  the  numbers o f  exchanging  
n u c le i  in  th e  two environm ents  a r e  eq u a l  and the  resonance  l i n e  w id ths  
a re  sm all compared to  th e  chem ica l s h i f t  between th e  n u c le i  in  th e  two 
en v iro n m en ts ,  th e  observed  chem ica l s h i f t ,  6oue , i s  g iven  by th e  e x p re s ­
s io n
6u)e = (X " r 4 ^ 6(U ( l )
where t  i s  th e  average  tim e an exchanging nucleus spends in  a  g iven  en­
vironm ent and 600 i s  th e  s e p a r a t io n  in  Hz between th e  s ig n a l s  o f  th e  
n u c le i  in  th e  two env ironm ents  measured a t  tem pera tu res  a t  which th e  
r a t e  o f  exchange can be c h a r a c te r i z e d  as "slow ", i ^ . , t 6oj »  l . 4 Equa­
t i o n  ( l )  a p p l i e s  to  N ^n itrosod im ethy lam ine  because the  numbers o f  ex­
changing  n u c le i  in  th e  two environm ents  a re  the  same and because  fiuu i s  
much l a r g e r  than  the  m ethyl l i n e  w id th s . 1
The r e o r i e n t a t i o n  p ro cess  i s  assumed to  behave as a t y p i c a l
r a t e  p r o c e s s ,  and the  r a t e  e q u a t io n  i s  o f  th e  form
k = v0exp(-E a/RT), (2)
where k i s  th e  r a t e  c o n s t a n t ,  vo i s  th e  frequency f a c t o r ,  and Ea i s  th e
a c t i v a t i o n  b a r r i e r  e n e rg y . 1 Because k  = ^-t, eq u a tio n  (2 )  can be r e ­
w r i t t e n  as
l o g  10 ( 1 / t  ficu) = l o g 1 0 (2 v 0 /6u>) -  Ea / 2 .3 R T .1 ( 3 )
The s lo p e  o f  a p lo t  o f  l o g 1 0 ( l / T 8 u ) )  v s .  1/T (F igure  2) y i e l d s  a  va lu e
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Figure 1. The temperature dependence of the
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F ig u re  P. P lo t  o f  I /t^u) (on log s c a le )  v s .  1/T for 
d im e th y ln i t ro sa m in e . 1
o f  23 k c a l /m o le  f o r  E , and th e  i n t e r c e p t  y i e l d s  a v a lu e  o f  7 x 1012
cl
sec - 1  f o r  v o *1
The nmr ev idence  in d i c a t e s  a  p la n a r  o r  n e a r ly  p la n a r  geometry 
f o r  th e  N -n i t ro so  group , NNO. 1 The p la n a r  s t r u c t u r e  in d ic a te d  by r e ­
sonance form La most r e a d i ly  accoun ts  f o r  th e  n o n -eq u iv a len ce  o f  the  
two m ethyl g roups . Were th e  p lan e  c o n ta in in g  th e  NNO group p e rpend icu ­
l a r  to  th e  CNC p la n e ,  th e  m ethy l groups would be e q u i v a l e n t . 1
O
. - - ' N — N  =  ■
CH3 CH3
The low f i e l d  resonance  was o r i g i n a l l y  a s s ig n e d  to  th e  methyl 
hydrogens syn to  th e  n i t r o s o  oxygen, and the  resonance  a t  h ig h e r  f i e l d  
was a s s ig n e d  to  th e  m ethyl hydrogens a n t i  t o  oxygen . 1 These assignm ents  
were based  on th e  assum ption  t h a t  th e  m ethyl hydrogens syn to  oxygen 
would be more g r e a t l y  a f f e c t e d  by th e  f i e l d  e f f e c t  o f  th e  e l e c t r o n  r i c h  
oxygen than  would th e  methyl hydrogens a n t i  to  oxygen. They were shown, 
however, t o  be i n c o r r e c t . 2 >3
The f i r s t  r e p o r t  t h a t  re v e rse d  th e  m ethy l ass ignm en ts  was 
p u b lish ed  by H. W. Brown and D. P. H o l l i s . 2 By means o f  an nmr s tudy  
o f  s e v e r a l  unsym m etrica lly  s u b s t i t u t e d  N -n i t ro sa m in e s ,  th e s e  workers 
p r e d ic te d  t h a t  as a lk y l  group Rx becomes s t e r i c a l l y  more b u lk y ,  the  more 
favo red  confo rm ation  o f th e  n i t ro sa m in e  becomes I I I - E .  th e  one in  which 
Rx i s  a n t i  to  th e  oxygen atom . 2
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!U 2  ^  LU§
R i = M e th y l . i s o p r o p y l , t e r t - b u t y l ;  Ra  = Methyl
Table  I  shows th e  r e s u l t s  o f  t h e i r  s tudy  o f  th e  nmr s p e c t r a  
o f  d im e th y l - , m e th y lp ro p y l - , m e th y l i s o p r o p y l - , and m e th y l- se c -  
b u ty ln i t r o s a m in e s . 2
In th e  above ca se s  s tu d ie d  by Brown and H o l l i s ,  b o th  con- 
form ers were p r e s e n t ,  and th e  c o n fo rm a tio n a l  e q u i l ib r iu m  was determ ined  
by nmr i n t e g r a t i o n  r a t i o s , 2 Note t h a t  th e  h ig h e r  v a lu e s  o f  K in d i c a t e  
a p re fe re n c e  f o r  conform er ITLJS, in  which th e  more bulky  branched a lk y l  
group i s  a n t i  to  th e  oxygen atom . 2 F u r th e r ,  n o te  t h a t  th e  m ethyl group 
syn to  oxygen i s  now a ss ig n e d  th e  h ig h e r  f i e l d  re so n an ce ,  and th e  m ethyl 
group a n t i  to  oxygen i s  a s s ig n e d  th e  lower f i e l d  re so n a n c e . 2
G. J .  K a rab a tso s  and R. A. T a l l e r  l a t e r  in  lySif re p o r te d  the  
f in d in g s  o f  t h e i r  nmr s tu d y  o f  t h i r t e e n  N -n i t ro sa m in e s . 3 These workers 
c o r ro b o ra te d  th e  chem ica l s h i f t  a ss ignm ents  o f  Brown and H o l l i s .  
K araba tsos  and T a l l e r  d is co v e re d  t h a t  the  chem ical s h i f t s  o f  N - n i t r o s -  
amines and R1R^C=NG (G = -NHX where X may be CH3 o r  C6H5 ) compounds 
behave alm ost i d e n t i c a l l y ;  p ro to n s  syn to  G r e s o n a te  u p f i e ld  from p ro ­
tons  a n t i  to  G. 3 Thus th e s e  workers assumed t h a t  th e  a n i s o t r o p ic  
e f f e c t s  o f  NNO and C=NG a re  q u a l i t a t i v e l y  s i m i l a r . 3 T h e ir  s tu d ie s
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TABLE I
THE EFFECT OF STERIC BULK ON THE CONFORMATIONAL RATIOS 
OF SOME UNSYMMETRICALLY SUBSTITUTED N-NITROSAMINES2
N-Methyl 
P ro to n  S h i f t , 6 
a n t i  syn
„a  syn-Me 
anti-M e
_ K a n t i - a l k y l  
s y n -a lk y l N itro sam ine
3 .8  3 .1 1.0 Dimethyl-
3 .8  3-0 3 .6 M ethylpropyl-
3 .7  . 3 .0 Q.k Methy1iso p ro p y 1-
3 .7  3-0 11.0 Methy1 -s e c - b u ty 1-
a .  K i s  th e  r a t i o  o f  th e  a re a s  o f  th e  a b s o r p t io n s  o f  th e  hydrogens syn 
and a n t i  to  oxygen.
b .  In  th e  unsym m etrical N -n itro sam in es  c o n s id e re d  in  t h i s  t a b l e  th e
p r e f e r r e d  p o s i t i o n  o f  th e  more bulky a lk y l  groups i s  a n t i  t o  oxygen; 
t h u s ,  th e  p r e f e r r e d  p o s i t i o n  o f  th e  m ethyl group i s  syn to  oxygen. 
T h e re fo re ,  th e  r a t i o  o f  th e  a r e a  o f  th e  m ethyl syn to  oxygen to  th e  
a re a  o f th e  m ethyl a n t i  to  oxygen should  be one o r  g r e a t e r  th an  one 
in  th e  compounds shown. In  analogous f a s h io n ,  th e  r a t i o  o f  th e  
a r e a  o f  th e  a lk y l  group a n t i  to  oxygen to  the  a re a  o f  th e  a lk y l  
group syn to  oxygen should be one o r  g r e a t e r  th an  one. The two 
r a t i o s  a r e  e q u iv a le n t .
10
showed t h a t  th e  reg io n  In  th e  C-NG p la n e  I s  d e sh ie ld e d  w ith  r e s p e c t  t o  
th e  re g io n  above and below th e  p l a n e . 3
In c o n t r a s t  to  a -m e th y l  and a -m e th y len e  p ro to n s  which r e s o ­
n a te  a t  h ig h e r  f i e l d s  when syn r a t h e r  th a n  when a n t i  t o  th e  oxygen atom, 
g -m e th in e  p ro to n s  re s o n a te  a t  lower f i e l d s  when syn to  th e  n i t r o s o  
oxygen r a t h e r  th a n  when a n t i  t o  i t . 3 Because o f  s t e r i c  i n t e r a c t i o n s  
between th e  bulky /3 s u b s t i t u e n t s  ( .e .j^ ., CH3 in  F ig u re  3 ) o f  th e  syn
^ o S '
k  a  C ' w  _I  ^ C H 3  P 
p c h3
F ig u re  3 . The p r e f e r r e d  co n fo rm a tio n  o f an 
is o p ro p y l  group syn to  oxygen
is o p ro p y l  group and th e  oxygen, th e  syn a -m e th in e  p ro to n  spends more 
tim e in  o r  n e a r ly  i n  th e  d e s h ie ld in g  p la n e  o f  th e  N -n i t r o s o  g roup . 3 
The syn o -m eth ine  was shown to  be f u r t h e r  dow nfie ld  th a n  the  a n t i  a -  
m ethine by benzene s o lv e n t  s h i f t s  in  th e  nmr sp ec tru m . 3
When benzene i s  added to  a  carbon  t e t r a c h l o r i d e  s o lu t io n  o f  
an N -n itrosoam ine  ( o r  to  th e  n e a t  l i q u i d  N -n i t r o s a m in e ) , the  a n t i  p ro ­
to n s  s h i f t  u p f i e ld  to  a g r e a t e r  e x te n t  than  do th e  syn p r o to n s . 3 A 
r e g io s p e c i f i c  c o l l i s i o n  complex (F ig u re  it) was proposed  to  account f o r  
t h i s  o b s e r v a t io n . 3 When a n d /o r  R2 i n c r e a s e  in  s t e r i c  b u lk  (Me <  Et 
<  1 - P r  <  JL-Uu), the  s h i f t  becomes s m a l le r  because ol’ a decreuse  In the
r/ s+ \ > S -
F ig u re  The r e g i o s p e c i f i c  complex formed 
between benzene and an N -n itro sam in e .
e q u i l ib r iu m  c o n s ta n t  f o r  fo rm atio n  o f  th e  complex . 3 Thus, th e  use  o f  
benzene-induced  s h i f t s  o f  th e  resonances  confirmed th e  nmr ass ignm ents  
o f  syn and a n t i  p ro to n s .
In  o rd e r  to  l e a r n  more about the  a n iso t ro p y  o f th e  n i t r o s -  
amino g roup , Y. L. Chow and coworkers s tu d ie d  a s e r i e s  o f  i+ - s u b s t i tu te d  
N - n i t r o s o p i p e r i d i n e s . 5 >6 These workers found th a t  th e  lo n g -ran g e  d i a ­
m agnetic  e f f e c t s  o f  th e  n i t ro sa m in o  group could be q u a l i t a t i v e l y  r e p r e ­
sen te d  by th e  drawing reproduced  in  F ig u re  5 . 6 Thus, above and below
F ig u re  5 . The d iam agnetic  an iso t ro p y  o f  the  n i t ro sa m in o  g ro u p . 6
The s h ie ld in g  cones d e r iv e d  from the  C^-N s in g l e  bond 
and the  N-N-0  p a r t i a l  double  bonds a r e  regarded  as be in g  fused  
to g e th e r  to  form a sen ileL rcu iar  s h ie ld in g  zone curved toward 
the  syn s i d e . 1'
t h e  C^-N-N-O p lan e  d iam agnetic  s h ie ld in g  i s  e x p ec ted .  The above semi­
c i r c u l a r  s h ie ld in g  zone in d ic a te s  th a t  t h e r e  i s  more s h ie ld in g  on th e  
syn s id e  o f  th e  n i t r o s o  group th an  on th e  a n t i  s i d e . 6 However, th e  de- 
s h le l d ln g  zone which i s  in  th e  p lane  o f  th e  C^-N-N-O bond i s  expec ted  
to  be n e a r ly  eq u a l  in  magnitude in  bo th  d i r e c t i o n s . 6 E l e c t r i c  f i e l d  
e f f e c t s  o f  th e  e l e c t r o n - r i c h  oxygen cause  p ro tons  in  t h i s  p lan e  and 
syn to  th e  oxygen to  be s l i g h t l y  f u r t h e r  dow nfie ld  than  s im i l a r  p ro to n s  
a n t i  to  th e  oxygen . 6
E le c t ro n  and X-Ray D i f f r a c t i o n  S tu d ies
The p l a n a r i t y  o f  th e  C^C^NNO g ro u p , p o s tu la t e d  by. nmr s tu d ie s  
h a s  r e c e n t l y  been confirmed by means o f  an  e l e c t r o n  d i f f r a c t i o n  s tu d y 7 * 
on N -n itrosod im ethy lam ine  and an X-ray d i f f r a c t i o n  s tudy on i t s  copper-  
( i l )  c h lo r id e  complex . 9 *10 The bond le n g th s  and bond an g les  o f  N- 
n i tro so d im e th y lam in e  and o f  N -n i t ro so d im e th y la m in e c o p p e r( I I )  c h lo r i d e ,  
(CH3 ) 2N-N0, CuC12 , a re  shown in  Table  I I .  No s i g n i f i c a n t  d e v ia t io n  from 
a  p la n a r  s k e le to n  was e x h ib i te d  by e i t h e r  m o le c u le . 0 *10 The N- 




EXPERIMENTAL BOND LENGTHS AND BOND ANGLES OF 
N-NITROSODIMETHYLAMINE AND N-NITROSODIMETHYLAMINECOPPER(ll) CHLORIDE
+ N = N
h/
+  N = N
/ / /
IVa IVb/v  / ^ /
Bond Leaftthfl (ft)
N-0 1.255 N-0 1.21
N-N  ̂ I . 5U1 N-N 1.26
C-N - I J 16I C'-N U iQ
C-H 1.129 C"-N I J 16
Bond Angles (Degrees)
N-N-0 115.6 N-N-0 117.5
C'-N-N 121). 5 C'-N-N 120.0




D iscovery  and U se fu lness
N uclear m agnetic  re so n an ce  sp e c tro sc o p y  i s  a pow erfu l t o o l  
th rough which one can  d e r iv e  s t r u c t u r a l  in fo rm a t io n  about o rg a n ic  com­
pounds. One a p p r o p r ia te  example i s  th e  d e m o n s tra t io n  o f  a b a r r i e r  to  
r o t a t i o n  abou t the  N-N .bond o f  N -n itro so d im eth y lam in e  by means o f  i t s  
tem p e ra tu re  dependent nmr spec trum  (F ig u re  l ) . 1 The p r i n c i p l e  r e q u i r e ­
ment in  s t r u c t u r a l  and s te re o c h e m ic a l  s tu d i e s  o f  o rg a n ic  compounds u s in g  
nmr param ete rs  such as co u p lin g  c o n s t a n t s ,  chem ical s h i f t s ,  and n u c le a r  
r a t i o s  to  de te rm ine  th e  s te r e o c h e m is t ry  o f  a compound i s  com plete r e s o ­
l u t i o n  o f  th e  spectrum . A number of te ch n iq u es  have been used to  sim­
p l i f y  complex nmr s p e c t r a :  d eu ter ium  s u b s t i t u t i o n ,  sp in -d e co u p lin g
ex p er im en ts ,  d e r i v a t i z a t i o n ,  and th e  use  o f  h ig h e r  frequency  ( 100 , 220 , 
o r  300 MHz) s p e c t ro m e te r s . 11 A nother te ch n iq u e  to  s im p l i fy  a complex 
nmr spec trum , th e  use  o f  a  s o lv e n t  s h i f t  r e a g e n t ,  has been d is c u s se d  in  
a p rev io u s  c h a p te r .  Because most o rg a n ic  m o lecu les  c o n ta in  some type 
o f  f u n c t io n a l  group to  which a  s h i f t  r e a g e n t  cou ld  complex, th e  use  of 
t h i s  type  o f  s h i f t  r e a g e n t  f o r  s im p l i f y in g  a complex nmr spectrum  i s  
q u i te  a t t r a c t i v e .
I t  has long been known t h a t  such param agnetic  compLexing r e ­
ag en ts  as n i c k e l ( l l )  and c o b a l t ( l l )  b i s ( a c e t y l a c e t o n a t e s )  cause  s h i f t s  
in  th e  nmr spectrum  o f  c e r t a i n  o rg a n ic  compounds. 11>12 However, th e se  
s h i f t s  a re  very  sm all in  m agn itude , and l i n e  b roaden ing  o f  the  peaks i s
I k
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e x te n s iv e .  An id e a l  s h i f t  re a g en t  would cause  la rg e  s h i f t s ,  would not 
c au se  s e v e re  l i n e  b ro ad en in g , and would be ex trem ely  s o lu b le  in  common 
nmr s o lv e n t s  (CC14 and CDC13 ) . 13>14
C. C. H inckley  f i r s t  d isco v e re d  th e  u s e f u ln e s s  o f  la n th a n id e  
complexes as  "chem ica l s h i f t "  r e a g e n t s . 13 He found t h a t  th e  d ip y r id in e  
adduct o f  b is (d ip lv a lo m e th a n a to )eu ro p iu m (lI l ) , Eu(dpm)3 *2py, induces  sub­
s t a n t i a l  dow nfie ld  s h i f t s  o f  th e  p ro to n  resonances  i n  c h o l e s t e r o l  and 
cau se s  v e ry  l i t t l e  l i n e  b ro ad en in g . L arger dow nfie ld  s h i f t s  a r e  ob­
served  when th e  p y r i d i n e - f r e e  adduct o f  Eu(dpm)3 i s  u sed ;  however, the  
s o l u b i l i t y  o f  th e  p y r i d i n e - f r e e  la n th a n id e  complex in  nmr s o lv e n t s  de­
c r e a s e s  d r a s t i c a l l y . 15*16 The praseodymium complex, Pr(dpm )3 , induces 
u p f i e l d  s h i f t s  which a re  th r e e  tim es as l a rg e  as  th e  dow nfie ld  s h i f t s  
o f  Eu(dpm)3 ; however, th e  bands a r e  s i g n i f i c a n t l y  b roadened . These 
la n th a n id e  s h i f t  re a g e n ts  c o o rd in a te  in  Lewis a c id - b a s e  fa s h io n  to  a 
number of o rg a n ic  f u n c t io n a l  groups such as  a l c o h o l ,  amine, ep o x id e ,  
e s t e r ,  k e to n e ,  oxime, and N -n i t ro sa m in e .  The induced chem ical s h i f t s  
va ry  l i n e a r l y  w ith  s h i f t  re a g en t  c o n c e n t r a t io n  over a s h i f t  r e a g e n t : s u b ­
s t r a t e  m olar r a t i o  range  o f 0 .1 - 0 .  Lj:  l . 11 Because only  one s e t  o f  peaks 
f o r  th e  o rg a n ic  s u b s t r a t e  i s  observed  in  th e  p resen ce  o f  s h i f t  r e a g e n t ,  
th e  ob serv ed  chem ica l s h i f t  i s  th e  w eighted  average  o f  th e  s h i f t s  of 
th e  complexed and uncomplexed s u b s t r a t e s . 11 Induced s h i f t s  a re  u s u a l ly  
r e p o r te d  as  v a lu e s  e x t r a p o la t e d  l i n e a r l y  to  a m olar r a t i o  o f  1.0  o r  a re  
r e p o r te d  as  th e  g r a d ie n t  [ppm/mol Eu(dpm)3 /mol s u b s t r a t e ]  o f  th e  l i n e a r  
p o r t i o n  o f  th e  induced s h i f t  v s .  m olar r a t i o  p l o t . 11
The m agnitude o f th e  induced s h i f t s  depends on th e  type  of 
c o o r d in a t io n  s i t e  (Table  I I I ) ,  th e  n a tu re  o f  the  s h i f t  r e a g e n t ,  th e  po­
s i t i o n  o f  th e  m agnetic  n u c le i  in  r e l a t i o n  to  th e  la n th a n id e  io n ,  and
16
TABLE III
THE DEPENDENCE OF THE MAGNITUDE OF INDUCED SHIFT 
ON THE TYPE OF FUNCTIONAL GROUP16
F u n c t io n a l  Group
Ppm/mol o f  Eu(dpm) 3 p e r  










RCHpCO oMe 6 .5
RCH2CN 3-7
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c e r t a i n  e x p e r im e n ta l  c o n d i t io n s .  Table I I I  shows t h a t  th e  p r e f e r r e d  
o r d e r  o f  c o o r d in a t io n  f o r  th e  v a r io u s  f u n c t io n a l  groups s tu d ie d  i s :  
amines >  a lc o h o l s  >  oximes >  a ld e h y d e s , k e to n es  >  e th e r s  >  e s t e r s  >  
n i t r i l e s . 16 A ls o ,  i t  has been found t h a t  th e  e u ro p iu m ( l l l )  complex 
w ith  the  l ig a n d  l , l , l , 2 , 2 , 3 , 3 - h e p t a f l u o r o - 7 , 7 - d i m e t h y l - 4 , 6 - o c t a n e d i o n e ,  
E u ( fo d )3 , i s  a  b e t t e r  Lewis a c id  th a n  Eu(dpm) 3 and i s  more s o lu b le  in  
carbon  t e t r a c h l o r i d e  th a n  i s  Eu(dpm)3 . The p re sen c e  o f  w a ter  in  th e  
nmr sample s e v e re ly  reduces  th e  s h i f t i n g  a b i l i t y  o f  the  la n th a n id e  
s h i f t  r e a g e n t s ;  w a te r  a s s o c i a t e s  more s t r o n g ly  with th e  s h i f t  r e a g e n t  
th a n  does th e  o rg a n ic  s u b s t r a t e . X1 Even t r a c e s  o f  a c id  p re s e n t  in  some 
nmr s o lv e n t s  cause  reduced s h i f t s  because  o f  th e  decom position  o f  th e  
la n th a n id e  com plex . 11 Thus, in  o rd e r  to  maximize th e  u s e fu ln e s s  o f  the  
s h i f t  r e a g e n t s ,  th e  c h a r a c t e r i s t i c s  l i s t e d  above must be c o n s id e re d .
T h e o r e t i c a l  C o n s id e ra t io n s
The m agnitude of th e  induced s h i f t s  (A6) may be exp ressed  by 
e q u a t io n  (4)::
A6 = K(3cos2*5 -  l ) r "3 (1+)
where K i s  a  c o n s ta n t  f o r  a p a r t i c u l a r  complex a t  a g iven  t e m p e ra tu re ,
<6 i s  th e  p r o to n - l a n th a n id e  ion c o o rd in a t io n  s i t e  i n t e r n u c l e a r  a n g le ,  
and r  i s  th e  s t r a i g h t  l i n e  d i s t a n c e  between th e  p ro to n  and the  m e ta l  
i o n . 17 I n  a  number o f  examples th e  dependence o f  th e  induced chem ical 
s h i f t  on th e  a n g le  ^ may be n e g le c te d ;  th e  s i z e  o f  th e  induced s h i f t  
f o r  th e  hydrogens in  a g iven  m olecu le  would th en  depend on th e  r e c i ­
p r o c a l  o f  th e  cube o f  th e  d i s t a n c e  between th e  m eta l ion  and the  p r o to n . 13 
The (3 co s2»4 - 1) te rm  i s  p o s i t i v e  f o r  0 °  <  <  54.74° and 125.26° <  i  <  180°,
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b u t  I t  i s  n e g a t iv e  f o r  54.75° <  & <  1 2 5 .2 6 ° .11 When th e  (3 co s2«J - 1) 
te rm  i s  p o s i t i v e ,  Eu(dpm)3 and E u(fod )3 w i l l  induce d ow nfie ld  s h i f t s ,  
w h ile  Pr(dpm ) 3 and P r ( f o d ) 3 w i l l  cause u p f i e l d  s h i f t s .  However, when 
th e  an g le  te rm  i s  n e g a t iv e  the  d i r e c t i o n  o f  the  s h i f t  i s  r e v e r s e d ;  the  
e u ro p iu m (I I I )  complexes cause  u p f i e ld  s h i f t s ,  and th e  p ra seo d y m iu m (ll l)  
complexes cau se  dow nfie ld  s h i f t s .  Thus, th e  s i z e  and d i r e c t i o n  o f  th e  
induced s h i f t s  depend on th e  geometry of th e  s h i f t  r e a g e n t - o r g a n ic  sub­
s t r a t e  complex.
There a re  two mechanisms which may be used t o  d e s c r ib e  th e  
e f f e c t s  o f  pa ram agne tic  s p e c ie s  on th e  nmr re sonances  o f  o rg a n ic  com­
pounds: th e  c o n ta c t  s h i f t  mechanism and th e  p seu d o c o n ta c t  s h i f t
mechanism . 16 In  th e  c o n ta c t  mechanism, i n t e r a c t i o n  betw een n u c le a r  and 
e l e c t r o n  s p in s  p roduces  an i n t e r n a l  m agnetic  f i e l d  a t  th e  r e s o n a t in g  
n u c leu s  which e i t h e r  adds to  o r  s u b t r a c t s  from th e  a p p l ie d  f i e l d  and 
th e re b y  le ad s  to  a resonance  s h i f t .  The s p in  d e n s i ty  o f  th e  u n p a ired  
e l e c t r o n  on th e  pa ram agne tic  sp e c ie s  i s  t r a n s f e r r e d  th ro u g h  the  bonding 
s t r u c t u r e  t o  th e  r e s o n a t in g  n u c leu s .  The p seu d o c o n ta c t  s h i f t  i s  s im i l a r  
to  th e  c o n ta c t  s h i f t  excep t t h a t  in  t h i s  c a se  th e  s h i f t  i s  caused  by the 
combined e f f e c t s  o f  th e  e l e c t r o n  s p i n - o r b i t ,  e l e c t r o n  o r b i t - n u c l e a r  s p in ,  
and e l e c t r o n  s p in - n u c l e a r  sp in  c o u p l in g s . 16 These f o r c e s  g e n e ra te  a 
s h i f t  t h a t  i s  r e l a t e d  to  th e  geometry o f  th e  complex s p e c i e s .  There i s  
no t r a n s f e r  o f  u n p a ire d  eL ectron  sp in  d e n s i t y .  C o r r e l a t i o n s  o f  induced 
chem ical s h i f t s  (A6 ) w ith  r -3  and 4> f o r  th e  la n th a n id e  complexes have 
e s t a b l i s h e d  th e  predom inant r o l e  o f  the  p seu d o co n tac t  mechanism . 11’ 16
The la n th a n id e  s h i f t  re a g en ts  have been ve ry  s u c c e s s f u l ly  ap­
p l i e d  to  s te r e o c h e m ic a l  and s t r u c t u r a l  problem s. The s h i f t  re a g e n t  may 
be used m erely t o  s e p a r a te  o v e rlap p in g  chem ical s h i f t s  in  o rd e r  to
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o b ta in  a f i r s t  o r d e r  spec trum  f o r  a n a l y s i s .  In  an o th e r  m ethod, th e  
geometry o r  c o n f ig u r a t i o n  o f  a s u b s t r a t e  n u c leu s  i s  r e l a t e d  to  an ob­
served  induced ch em ica l s h i f t ;  o f  c o u r s e ,  b o th  th e  d i s t a n c e  ( r - 3 ) and 
th e  ang le  (^ )  dependence must be  c o n s id e re d .  Thus, t h e  s u b s t r a t e  geo­
metry may be deduced from th e  p a r t i c u l a r  su b s tra te -c o m p le x  geometry 
which is  most c o n s i s t e n t  w ith  th e  observed  v a r i a t i o n  o f  th e  induced 
s h i f t  as a  f u n c t io n  o f  r "3 and This approach i s  e s p e c i a l l y  u s e f u l  
when su p p o r t in g  d a ta  from o th e r  te ch n iq u es  a r e  a v a i l a b l e .
In  summary, th e  im p o r tan t  f e a t u r e s  o f  the  use  o f  la n th a n id e  
s h i f t  re a g e n ts  in  nmr sp ec tro sc o p y  have been d is c u s s e d  i n  th e  fo reg o in g  
p a rag rap h s .  Where a p p l i c a b l e ,  l a n th a n id e  s h i f t  re a g e n ts  have tremen­
dous advan tages  over o th e r  te ch n iq u es  used f o r  s im p l i fy in g  a complex 
nmr spectrum ; th e s e  advan tages  a r e  e ase  o f  u s e ,  low c o s t  o f  th e  r e ­
a g e n t ,  and th e  speed o f  th e  a n a l y s i s .  The la n th a n id e  s h i f t  re a g e n ts  
p layed  an im p o r tan t  r o l e  in  th e  a n a ly s i s  of the  nmr s p e c t r a  o f  the  N- 
n i t ro sa m ln e s  r e p o r te d  i n  t h i s  D i s s e r t a t i o n .
CHAPTER III
RESULTS AND DISCUSSION
S y n th e s is  o f  f l-N itrosam ines
N -n itro sam ines  a r e  e a s i l y  p rep a red  from secondary  amines by 
th e  a d d i t i o n  o f  the  amine h y d ro c h lo r id e  to  an aqueous s o l u t i o n  o f  sodium 
n i t r i t e . 18 The N -n i t ro so  d e r i v a t i v e s  o f  d i is o p ro p y la m in e  (V i ) , d i -  
methylamine ( 1) ,  and the  b i c y c l l c  amines were p re p a red  in  t h i s  manner. 
N -n i t ro so -N -m e th y la n i l in e  (VLl) was p rep a red  by means o f  th e  r e a c t io n  
o f  n i t r o s y l  c h lo r id e  w ith  N -m e th y la n i l in e  and was a l s o  o b ta in e d  from a 
commercial s u p p l i e r ;  th e re  was no d i f f e r e n c e  between th e  two sam ples. 
N -n i t ro so d ie th y la m in e  (v) was in h e r i t e d  from an e a r l i e r  w orker,  M. T. 
Yang, in  t h i s  L abo ra to ry . Both V and V II were p u r i f i e d  b e fo re  u se  by 
means of vacuum d i s t i l l a t i o n .  The a c y c l i c  N -n i t ro sa m in e s ,  I ,  V, and VI■' — 7 rv7
were used  a s  models f o r  the  s h i f t  re a g e n t  s tu d ie s  used to  d e te rm ine  the  
p r e f e r r e d  conform ation  o f the  b i c y c l l c  N -n i t ro s a m in e s . The s y n th e s i s  
o f  th e  a p p r o p r ia t e ly  s u b s t i t u t e d  b i c y c l l c  amines was accom plished by 
means o f  known pathways. The b i c y c l l c  amine, Y -a za b ic y c lo [ l) .2 .2 ]d ec an e  
(XIV), i s  a  new compound s y n th e s iz e d  as a  p a r t  o f  t h i s  i n v e s t i g a t i o n .
The s y n th e t ic  scheme used to  p re p a re  N - n i t r o s o - 1,5>3 " t r i meth y l - 






P ip e r l te n o n e  (VII,) was s t i r r e d  in  aqueous ammonia f o r  f iv e  days to  
y i e ld  l ,3 ,3 - t r im e t h y l - 2 - a z a b i c y c l o [ 2 .2 .2 3 o c t a n - 5 - o n e ,  ( V I I l ) . 19 Then 
V II I  was c o n v e r ted  to  th e  N -n i t r o s o  d e r i v a t i v e ,  IX, by t re a tm e n t  w ith  
n i t r o u s  a c id .
The p r e p a r a t io n  o f  N - n i t r o s o - 4 - a z a t r i c y c l o [ l | . 3 . 1 .1 3 >8 ]-  















Commercially a v a i l a b l e  2 - adamantanone (X) was c o n v er ted  to  i t s  oxime 
(XL) 20 and th e  oxime was transfo rm ed  in to  ^ - a z a t r i c y c l o [ ^ . 3 . 1 . 13 >8 ]-  
un d ecan -5-one  (X I l )  by means o f  a Beckman re a r ra n g em e n t . 2 0 »21 The 
amide ( X I l )  was reduced w ith  l i th iu m  aluminum h y d rid e  (lAH) to  
azahomoadamantane ( X I L t ) . 22 Treatm ent o f  X I I I  w ith  aqueous HCl/NaN02 
gave th e  N - n i t r o s o  d e r i v a t i v e  ( X I V ) . 18— ' rs/N/s/
N -N it ro so -7 -a z a b ic y c lo [U .2 .2 ]d e c a n e  (XX) was p rep a red  from 
c y c lo o c t a t e t r a e n e  (XV) by means o f  th e  f i v e - s t e p  s y n th e s i s  shown below:
SOX




HCI *  &  <
XVIII X IX XX
C h lo ro s u lfo n y l  i s o c y a n a te  r e a c te d  w ith  XV to  y i e l d  th e  N - (c h lo ro s u l fo n y l )  
lac tam  (XV̂ ) ; 233 h y d ro ly s i s  o f  t h i s  i n i t i a l  1 , i | -c y c lo ad d u c t  w ith  sodium 
hydrox ide  in  aqueous ace to n e  y ie ld e d  th e  7- a z a b i c y c lo [ 4 . 2 . 2 ]d e c a -2 , 4 ,9 - 
t r i e n - 8-one (X V I l ) ;23^ h y d ro g en a tio n  o f  th e  u n s a tu r a te d  amide ov e r  5$ 
p a llad iu m  on carbon  in  m ethanol y ie ld e d  7- a z a b ic y c lo [ l* .2 . 2 ]d e c an -8 -one 
(X V IIl) ; 24 r e d u c t io n  o f XVIII w ith  LAH in  t e t r a h y d r o f u r a n  y ie ld e d  the'rws/VNJ *
7- a z a b ic y c lo [ i4. 2 . 2 ]decane (XIX) , 22 i s o l a t e d  as  i t s  c r y s t a l l i n e
23
h y d r o c h lo r id e ;  and th e  N -n itro sam in e  XX was p re p a red  in  th e  u s u a l  
m anner . 10 The p r o p e r t i e s  o f  th e  n ew ly -sy n th es ized  b i c y c l l c  am ine, XIX, 
and i t s  N -n i t ro so  d e r i v a t i v e  (XX) a re  d e sc r ib e d  in  g r e a t e r  d e t a i l  in  
th e  E xperim en ta l  S e c t io n  o f  t h i s  D i s s e r t a t i o n .
2 -A z a b ic y c lo [2 .2 .2 ]o c ta n e  (XXI), p r e c u r s o r  o f  N - n i t r o s o - 2 -  
a z a b ic y c lo [2 .2 .2 ']o c ta n e  (XXI£), was o b ta in ed  as  a g i f t  from D r. F rank  J .  
V i l l a n i ,  S ch e r in g  C o rp o ra t io n . 25 l l - A z a b ic y c lo [ 4 .4 . l ] u n d e c - l - e n e  (X X II I ) , 
p r e c u r s o r  o f  N - n i t r o s o - l l - a z a b i c y c l o [ 4 . k . l ] u n d e c - l - e n e  (XXIV) , was ob­
t a in e d  from Ronald R. L i l i e n t h a l ,  a n o th e r  worker in  t h i s  L a b o ra to ry . 26
S h i f t  Reagent S tu d ie s  o f  A cy c lic  f l-N itrosam ines
Benzene h as  been used  as a so lv e n t  s h i f t  re a g e n t  in  th e  a n a l ­
y s i s  o f  th e  nmr s p e c t r a  o f  sym m etrical and unsym m etrical a c y c l i c  JN- 
n i t r o s a m in e s .  However, as  i n  th e  case  o f  most s o lv e n t  s h i f t  r e a g e n t s ,  
th e  induced s h i f t s  a r e  s m a l l .  This  s h i f t  re a g en t  a l s o  depends on the  
fo rm a tio n  o f  a r e g i o s p e c i f i c  c o l l i s i o n  complex, th e  s t a b i l i t y  o f  which 
might be u n p r e d ic ta b l e  f o r  s t r u c t u r a l l y  complex N -n i t ro sa m in e s .  Thus, 
th e  d is c o v e ry  o f  th e  la n th a n id e  s h i f t  re a g en ts  by H inckley g r e a t l y  en ­
hanced th e  p ro s p e c ts  f o r  an e a s i e r  and more s t r a ig h t f o r w a r d  a n a ly s i s  
o f  th e  nmr s p e c t r a  o f  a v a r i e t y  o f  complex compounds, in c lu d in g  N- 
n i t r o s a m in e s .
Because no d a ta  e x i s t e d  on th e  use o f  l a n th a n id e  s h i f t  r e ­
ag en ts  w ith  N -n i t ro sa m in e s , s h i f t  s tu d ie s  o f  d im e th y l - ,  d i e t h y l - ,  and 
d i i s o p ro p y ln i t r o s a m in e  were u n d e r ta k en .  The s h i f t  r e a g e n ts  were 
E u (fo d )y and Eu(dpm)3 . 11 These re a g e n ts  c o o rd in a te  w ith  th e  e l e c t r o n  
r i c h  oxygen atom o f  th e  N -n itro sam in e  and cause dow nfie ld  s h i f t s  o f  th e  
hydrogens syn and a n t i  to  th e  oxygen. The s h i f t  o f  syn hydrogens is
2 k
ex p ec ted  to  be g r e a t e r  th a n  th e  s h i f t  o f  a n t i  hydrogens because  th e  syn 
hydrogens a re  c lo s e r  to  th e  s id e  o f  c o m p le x a t io n .11 This  b e h av io r  was 
found to  ho ld  in  th e  ca se s  o f  th e  a c y c l i c ,  b i c y c l l c ,  and t r i c y c l i c  N- 
n i t ro sa m in e s  r e p o r te d  in  t h i s  D i s s e r t a t i o n .  In  th e  p l o t s  o f  chem ica l 
s h i f t  v s .  th e  eu rop ium jN -n itrosam ine  m olar r a t i o ,  th e  s lo p e s  of th e  
l i n e s  f o r  th e  hydrogens c l o s e r  to  th e  c o o r d in a t io n  s i t e  a r e  s t e e p e r .
The p l o t s  f o r  th e s e  th r e e  compounds a r e  shown in  F ig u re s  6 ,  7> a °d 8.
In  th e  case  o f  d im e th y ln i t ro sa m in e  (F ig u re  6 ) ,  th e  s lo p e  of 
th e  l i n e  f o r  th e  m ethyl hydrogens syn to  oxygen i s  s t e e p e r  th an  th e  
s lo p e  o f  th e  l i n e  fo r  th e  m ethy l hydrogens a n t i  t o  oxygen. Th is  s h i f t  
s tu d y  c o r ro b o ra te s  th e  e a r l i e r  nmr s t u d i e s  (Brown and H o l l i s ;
K araba tsos  and T a l l e r )  o f  N -n i t ro sa m in e s  which a s s ig n e d  th e  h igh  f i e l d  
s i n g l e t  (6 2 .9 6 ) to  th e  m ethyl group syn t o  oxygen and th e  low f i e l d
s i n g l e t  (6 3 -76) to  th e  m ethyl group a n t i  to  o x y g en .2 *3
D ie th y ln i t ro s a m in e  (F ig u re  7 ) e x h i b i t s  s h i f t  b eh av io r  s i m i l a r
to  t h a t  o f  d im e th y ln i t ro sa m in e .  The m ethy lene  hydrogens syn to  oxygen
g e n e ra te  a  s lo p e  which i s  s t e e p e r  th an  bo th  t h a t  f o r  th e  m ethylene
hydrogens a n t i  t o  oxygen and t h a t  f o r  th e  m ethy l hydrogens syn to  the
oxygen.
The much g r e a t e r  m agnitude  o f  th e  s h i f t s  o f  p ro to n  re sonances  
by means o f  la n th a n id e  s h i f t  r e a g e n ts  i n  com parison  w ith  th e  magnitude 
o f  s h i f t s  by means o f  s o lv e n t  s h i f t  r e a g e n ts  a l lo w s  one to  a s s ig n  nmr 
resonance  bands w ith  more c o n f id e n c e .  F o r  d i i s o p r o p y ln i t r o s a m in e , 
K araba tsos  and T a l l e r  p o s tu la t e d  t h a t  th e  m eth ine  hydrogen syn to  oxygen 
r e s o n a te s  a t  lower f i e l d  th an  th e  m eth ine  hydrogen  a n t i  to  oxygen .3
T h is  o rd e r in g  o f  the  syn and a n t i  m eth ine  re so n an c es  i s  o p p o s i te  to  th e
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S h i f t  R e a g e n t :S u b s t ra te  Molar R a t io  (x 102 )
F ig u re  8 . S h i f t  re a g e n t  s tudy  o f  
d i i s o p ro p y ln i t r o s a m in e  (V i) w ith  Eu(dpm)3 .
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t h e  g r e a t e s t  a r e a  o f  d e s h le ld ln g  by th e  n i t r o s o  group i s  i n  i t s  p la n e  
and on th e  s id e  syn to  oxygen, th e  m ethine hydrogen syn to  oxygen must 
occupy a  p o s i t i o n  in  o r  n e a r ly  i n  th e  p lan e  o f  th e  n i t r o s o  g ro u p . 3
The s h i f t e d  nmr s p e c t r a  and th e  s h i f t  re a g e n t  p l o t s  (F ig u re  8 ) 
b o th  g ive  c l e a r  ev idence  f o r  th e  assignm ent o f  th e  low f i e l d  re so n an ce  
i n  th e  spectrum  of d i i s o p ro p y ln i t r o s a m in e  to  th e  m eth ine  syn to  oxygen. 
Note t h a t  i n  th e  s h i f t e d  s p e c t r a  o f  d im e th y ln i t ro sa m in e  th e  a b s o r p t io n  
f o r  th e  h ig h e r  f i e l d ,  syn m ethyl approaches t h a t  o f  th e  m ethy l a n t i  to  
oxygen and e v e n tu a l ly  p a s s e s  i t  toward th e  low f i e l d  end o f  th e  sp ec ­
trum as th e  s h i f t  r e a g e n t : s u b s t r a t e  r a t i o  in c r e a s e s .  The m ethylene  
hydrogens and m ethyl hydrogens o f  d ie th y ln i t r o s a m in e  behave in  an en­
t i r e l y  analogous m anner, the  resonances  o f  the  hydrogens syn t o  oxygen 
s h i f t  toward th e  low f i e l d  p a r t  o f  th e  spectrum to  a g r e a t e r  e x te n t  
th an  do th o se  o f  th e  co rre sp o n d in g  hydrogens a n t i  to  oxygen. The s h i f t  
r e a g e n t  p l o t s  show th e  i n t e r s e c t i o n  p o in t .
In  d i i s o p r o p y ln i t r o s a m in e ,  th e  a b so rp t io n  f o r  th e  m ethy l 
hydrogens syn to  oxygen ( o r i g i n a l l y  th e  h igh  f i e l d  re so n an ce )  s h i f t s  to  
lower f i e l d  to  a g r e a t e r  e x te n t  than  does the  a b s o r p t io n  f o r  th e  m ethyl 
hydrogens a n t i  to  oxygen. Because o f  th e  r e l a t i v e  chem ica l s h i f t  of 
th e  syn m ethy ls  in  th e  uncomplexed n i t ro sa m in e ,  th e  s h i f t  re a g e n t  p lo t  
shows an i n t e r s e c t i o n  p o in t .  However, the  s h i f t  r e a g e n t  p l o t  f o r  th e  
m eth ine hydrogens does not show an i n t e r s e c t i o n  p o in t .  T h is  r e s u l t  i s  
e n t i r e l y  c o n s i s t e n t  w ith  th e  m eth ine syn to  oxygen be ing  i n  o r  n e a r ly  
in  th e  p lan e  o f  th e  n i t r o s o  group
An im p o r tan t  f a c t o r  to  c o n s id e r  in  th e  u se  o f  la n th a n id e  
s h i f t  r e a g e n ts  f o r  th e  d e te rm in a t io n  o f  th e  s t r u c t u r e  o f  N -n i t ro sa m in e s  
i s  w hether o r  no t com plexation  by th e  reag en t  may promote ra p id
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e q u i l i b r a t i o n  and a v e ra g in g  o f th e  n i t ro sa m in e  con fo rtne rs .  The nmr 
spectrum  o f  each  o f  th e  t h r e e  a c y c l i c  N -n itro sam in es  in  th e  p resen ce  
o f  th e  s h i f t  re a g e n t  shows on ly  one s e t  o f  peaks f o r  each syn o r  a n t i  
g roup. Thus, th e  a s s o c i a t i o n - d i s s o c i a t i o n  o f  N -n itro sam in e  w ith  th e  
s h i f t  re a g e n t  o ccu rs  i n  th e  f a s t  exchange l i m i t ,  and th e  chem ical s h i f t s  
o f  p ro to n s  in  th e  N -n i tro sam in es  a r e  th e  w eigh ted  av erag e  o f  t h e i r  
chem ical s h i f t s  in  th e  uncomplexed and complexed s p e c i e s .  The th r e e  
sym m etrica lly  s u b s t i t u t e d  N -n i t ro sa m in e s ,  1̂ , V, and V I, have  shown th a t  
groups syn to  oxygen s h i f t  t o  lower f i e l d  when t r e a t e d  w ith  europium- 
( i l l )  s h i f t  r e a g e n t  to  a g r e a t e r  e x te n t  than  groups a n t i  t o  oxygen.
Thus, r a p id  e q u i l i b r a t i o n  o f  th e  conform ers upon com plexation  
w ith  s h i f t  re a g e n t  may be r u le d  out because on ly  one resonance  f o r  the  
two m ethyl groups would then  be observed  r a t h e r  th an  two.
Because o f  th e  e f f i c a c y  o f  th e  la n th a n id e  s h i f t  re a g e n t  in  
a n a ly s i s  o f  th e  nmr s p e c t r a  o f  s im ple  a c y c l i c  n i t r o s a m in e s , t h i s  re ag en t  
was used to  a s s i s t  a n a ly s i s  o f  th e  s p e c t r a  o f  a  s e r i e s  o f  b i -  and t r i ­
c y c l i c  N -n i t ro sa m in e s .
Nmr and S h i f t  Reagent S tu d ie s  o f  B i- and T r i c y c l i c  H -N itrosam ines
The most c h a r a c t e r i s t i c  f e a t u r e  in  the  nmr spectrum  of 
N - n i t r o s o - 1 ,3 ,3 - t r im e th y l - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c t a n - 5 - o n e  ( IX ) , (s e e  
F ig u res  31 and 3 2 ) i s  th e  p re sen c e  o f  on ly  th r e e  m ethyl s i n g l e t s .  The 
b ridgehead  m ethyl group a t t a c h e d  to  C -l  r e s o n a te s  a t  6 1 .7 1 ,  th e  endo 
methyl group a t t a c h e d  to  C-3 i s  a s s ig n e d  to  th e  resonance  a t  6 1.*|0, 
and th e  exo m ethyl group i s  a s s ig n e d  to  th e  peak a t  6 1 .2 4 .  The b r id g e ­
head m ethyl group a t  C-3  i s  expec ted  to  be d e sh ie ld e d  w ith  r e s p e c t  to  
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p l a n a r  N - n i t r o s o  group . The two m ethy ls  a t  C-5  l i e  above and below th e  
p lan e  o f  th e  C1(C3 )NN0 group and in  th e  s h i e l d in g  cone o f  th e  N -n i t r o s o  
group . F u r th e rm o re ,  th e  exo m ethyl l i e s  i n  th e  s h i e l d in g  cone o f  the  
C-5  c a rb o n y l  group and i s  th e r e f o r e  more s h ie ld e d  th an  th e  endo m ethyl 
g roup .
The two n o n eq u iv a len t  hydrogens on C-6  have d i f f e r e n t  s p l i t t i n g
p a t t e r n s  and chem ica l s h i f t s .  Exam ination  o f  D re id in g  m o le c u la r  models
shows th e  a p p r o p r ia t e  geometry f o r  W c o u p l in g  between th e  syn hydrogen
on C-6  and th e  endo hydrogen on C-7, b u t  no such c o u p l in g  seems p o s s ib le
f o r  th e  a n t i  hydrogen . 27 T h e re fo re ,  th e  hydrogen on th e  same s id e  ( s y n )
o f th e  b i c y c l l c  r in g  a s  th e  N -n i t ro so  group i s  a s s ig n e d  to  th e  d o u b le t
o f  d o u b le ts  ( j  = 18.5  Hz, J tI = 1 .8  Hz) c e n te re d  a t  6 2 .k b ,  whereas '  gem y * W - ’
th e  hydrogen on th e  o p p o s i te  s id e  (a n t i ) i s  a s s ig n e d  to  th e  d o u b le t
( j  - I8 .5  Hz) c e n te re d  a t  6 2 .2 k  ( s e e  F ig u re  j>2 and F ig u re s  - j2 a -c ) .§£in
The nmr spectrum  o f  IX su g g e s ts  t h a t  t h e r e  i s  on ly  one con­
fo rm a t io n a l  isom er p r e s e n t .  I f  bo th  conform ers  o f  th e  N -n itro sam in e  
were p r e s e n t ,  t h e r e  should  be s ix  s i n g l e t s  f o r  th e  m ethy l g roups: one
s i n g l e t  each f o r  syn and a n t i  b r idgehead  m e th y l ,  one s i n g l e t  each fo r
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syn and a n t i  exo m ethy l and one s i n g l e t  each f o r  syn and a n t i  endo 
m ethy l. However, on ly  t h r e e  s i n g l e t s  f o r  th e  m ethyl groups a r e  ob­
se rv ed . A c o n s i d e r a t i o n  o f  D re ld ln g  m o lecu la r  models and th e  con­
fo rm a t io n a l  e q u i l i b r i a  d is p la y e d  by m e th y le th y l - , m e th y l iso p ro p y l-  and 
m e t h y l - t e r t - b u ty ln i t r o s a m in e s  le ad  to  th e  p r e d i c t i o n  t h a t  th e  more abun­
dan t conform er would be th e  one in  which th e  n i t r o s o  oxygen i s  a n t i  to  
th e  C -l  (b r id g eh e a d )  m ethy l g roup . Thus, th e  C - l  m ethyl re sonance  i s  
p re d ic te d  to  be th e  most dow nfie ld  resonance  because  i t  l i e s  i n  th e  de­
s h ie ld in g  zone o f th e  n i t r o s o  group . The endo C~3 m ethyl i s  p r e d ic te d  
to  be a t  h ig h e r  f i e l d  th a n  th e  C -l  m ethyl because  i t  l i e s  in  th e  
s h ie ld in g  zone o f  th e  n i t r o s o  group , and th e  exo C-3  m ethyl i s  p r e d ic te d  
to  be th e  most u p f i e l d  m e thy l group because o f  i t s  p o s i t i o n  in  the  
s h i e l d in g  zones o f  bo th  th e  n i t r o s o  group and th e  c a rb o n y l  g roup . Evi­
dence co n f irm in g  th e  nmr a ss ignm ents  and th e  c o n c lu s io n  t h a t  on ly  one 
confo rm ation  i s  p r e s e n t  was o b ta in e d  from th e  s h i f t  r e a g e n t  s tu d y  (see  
F igu re  9 an<* T ab le  X V III ) .
For IX th e  s h i f t  re a g e n t  p lo t  f o r  th e  a n t i  m ethyl group on 
C - l  has a  lower s lo p e  th a n  t h a t  f o r  th e  two syn m ethy ls  on C-3 . A lso , 
th e  s lope  o f  th e  p l o t  f o r  th e  exo syn m ethyl i s  s t e e p e r  than  th e  s lope  
o f  the  p l o t  f o r  th e  endo syn  m eth y l .  The d i f f e r e n c e  in  th e  s lo p e  o f  th e  
l i n e  f o r  th e s e  two m e th y ls  o ccu rs  because th e  exo syn m ethyl i s  c lo s e r  
to  a second s i t e  o f  c o o r d in a t io n .  The C-3  c a rb o n y l  oxygen, th e  r e ­
sonance ass ignm ent f o r  each  m ethy l i s  th u s  co n f irm ed , and th e  conforma­
t i o n a l  p re fe re n c e  i s  e s t a b l i s h e d .  F u r therm ore , th e  s h i f t  re a g e n t  p lo t  
makes p o s s ib le  th e  a ss ig n m en t o f  th e  C-6  m ethylene hydrogens. The 
hydrogen c l o s e r  to  th e  two c o o r d in a t in g  groups i s  expec ted  t o  have th e  
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S h i f t  R e a g e n t :S u b s t ra te  Molar R a t io  (x 10s )
F ig u re  9 . S h i f t  reagen t s tudy of N - n i t r o s o - 1 , 3 ,3_t r i m e th y 1- 
2 -a z a b ic y c lo [2 . . ' ' .2 ]o c ta n - ') -o i ie  (JJC) w ith  Eu(foil)
The s lope  Is re p o r te d  in  ppm/mol Eu(fodM)/m ol IX.
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d o w n fie ld  f a s t e r  ( s t e e p e r  s lo p e )  than  th e  s i n g l e t  a t  6 2 . 58 , t h i s  r e ­
sonance I s  a s s ig n e d  to  th e  m ethylene  hydrogen syn to  th e  N -n i t ro so  
g ro u p , H_; th e  s i n g l e t  a t  6 2 .5 8  i s  thus  a s s ig n e d  to  th e  a n t i  hydrogen
V
The above example fo l lo w s  th e  well-known o b s e rv a t io n  t h a t  th e  
p r e f e r r e d  conform er o f  any N -n itro sam in e  i s  th e  conform er in  which th e  
n i t r o s o  oxygen i s  a n t i  to  th e  s t e r i c a l l y  more bu lky  s u b s t i t u e n t . 2 *3 
However, t h a t  id e a  i s  c a r r i e d  one s te p  f u r t h e r  in  t h a t  th e  C -l m ethy l 
i s  locked  in  th e  p lan e  o f  th e  n i t r o s o  group w h ile  th e  m ethyls  on C-3  
a r e  locked  above and below t h a t  p la n e .  In  o rd e r  t o  de term ine w hether 
a  b r id g e h e ad  hydrogen  i s  s t e r i c a l l y  bulky enough to  a f f e c t  the  conform er 
r a t i o  i n  th e  same way, th e  p a re n t  b i c y c l l c  N -n i t ro sa m in e ,  XXII, was p r e ­
p a red  .
The nmr spectrum  o f  N - n i t r o s o - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c t a n e  (X X Il) , 
( s e e  F ig u re  33) > c o n s i s t s  o f  a  broad  f i v e - l i n e  m u l t i p l e t  a t  6 1*.82, 
which i s  a s s ig n e d  to  the  (b r idgehead )  hydrogen on C - l .  The d o u b le t  
( j  = 2 .9  Hz) a t  6 3*58 i s  a s s ig n e d  to  th e  m ethylene  hydrogens on C-3 , 
w h ile  th e  rem a in in g  hydrogens a re  inc luded  in  the  envelope from 6 2 .9O- 
I . 5O. The p re sen c e  o f  only  one a b s o r p t io n  peak f o r  th e  C -l  b r idgehead  
hydrogen  and on ly  one f o r  the  C-3  m ethylene hydrogens i n d i c a t e s  th a t  
a g a in  in  t h i s  c a se  only  one conform er e x i s t s .  A lso ,  th e re  i s  no change 
i n  th e  nmr spec trum  o f  XXII upon c o o l in g  th e  s o lu t io n  to  -JfO°. I n v e s t ! -  
g a t io n  o f  m o le c u la r  models r e v e a l s  t h a t  th e  C - l  hydrogen would have a 
d ih e d r a l  an g le  o f  0° w ith  th e  p la n a r  N - n i t r o s o  group. This  hydrogen in  
th e  p la n e  o f  th e  N -n i t ro so  group d e s t a b i l i z e s  the  conform ation  i n  which 
th e  oxygen i s  syn to  the  C - l  hydrogen; th e  model in t e r n u c le a r  d i s t a n c e  
i s  on ly  2 .8  ft. Thus, Lhe p r e f e r r e d  conform er of XXII, as shown below,/WVv
has  Lhe oxygen syn to  llie m ethylene hydrogens.
3^
XXII
The s h i f t  re ag en t  p l o t  f o r  re so n an ces  o f  XXII i s  shown inw * rw w /
F ig u re  10 ( s e e  a l s o  Table XIX) .  The l i n e  f o r  th e  C-3  m ethylene  d o u b le t  
has  a  s t e e p e r  s lo p e  than  the  l i n e  f o r  th e  C - l  b r id g e h e ad  hydrogen.
Thus, th e  p r e f e r r e d  conformer has th e  oxygen syn to  th e  C-3  m ethylene
hydrogens. A gain , no change was observed  in  th e  c o n fo rm a tio n a l  p re ­
fe r e n c e  o f  th e  b i c y c l i c  N -n itrosam ine  as th e  s h i f t  r e a g e n t : s u b s t r a t e  
m olar r a t i o  was in c re a s e d .  The pseu d o -a l l y l i c  a ( 1 »3 ) s t r a i n  mech­
anism , as a ,b  c f .  i n f r a  page 45, appea rs  to  be im p o r tan t  in  bo th  IX and 
XXTI, even though th e  C -l  s u b s t i t u e n t  i s  m ethy l i n  IX b u t  on ly  hydrogen 
i n  XXII.
The nmr spectrum of N - n i t r o s o - 4 -azahomoadamantane (XIV^), (see  
F ig u re  34) i s  d e sc r ib e d  below. In t h i s  compound, th e  N -n i t ro so  group 
i s  in c o rp o ra te d  i n to  a  seven-membered r i n g ,  bu t th e  s u b s t i t u t i o n  p a t ­
t e r n  o f th e  carbon atoms i s  the  same as seen  b e f o r e .  U nlike  th e  p re v io u s  
exam ples, however, two isomers a re  r e v e a le d  by th e  nmr spectrum . The m u l t i -  
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S h i f t  R eagent: S u b s t r a te  Molar R a t io  (x  I0 e )
F ig u re  10. S h i f t  re ag en t  s tudy  o f  N - n i t r o - 2 - a z a b ic y c lo -  
[L '.2 .2 ]o c ta n e  ( x x i l )  w ith E u ( fo d )s . The s lope  i s  
r e p o r te d  in  ppm/mol Eu( fod )V m ol XXII.
The d o u b le t  ( j  * 3 .9  Hz) a t  6 k . k j  i s  a s s ig n e d  to  th e  m ethylene hydro ­
gens a n t i  t o  th e  oxygen, and th e  d o u b le t  ( j  = 3 .9  Hz) a t  6 3 .6 5  i s  
a s s ig n e d  to  th e  m ethylene  hydrogens syn to  th e  oxygen. Hie rem aining  
hydrogens a r e  a s s ig n e d  to  th e  enve lope  between 6 1 . 140- 2 . 6 0 . The two 
d o u b le ts  im m ediate ly  i n d i c a t e  t h a t  b o th  d ia s te re o m e rs  o f  th e  N - n i t r o s -  
amine e x i s t  in  XIV. Thus, by u s e  o f  th e  i n t e g r a t i o n  r a t i o s  o f  th e  two 
d o u b le t s ,  th e  d ia s te re o m e r  r a t i o  XIVa:XIVb was found to  be 8 7 :1 3 . 3
o -
XlVa XlVb
The f i r s t  i n d i c a t i o n  o f  th e  Im portance o f  r in g  s i z e  on th e  N- 
n i t ro sa m in e  d ia s te re o m e r  r a t i o  i s  dem onstra ted  in  XIV. The C-3 b r id g e -  
head hydrogen i s  s u f f i c i e n t l y  bu lky  to  make th e  a n t i  isom er, XlVa, the  
more fav o red  c o n f ig u r a t i o n .  The pseudo- a l l y l i c  A^1 *3 ) s t r a i n  mechan- 
lsm2 a a >k s t i l l  a p p l i e s ;  how ever, th e  seven-membered r in g  system  i s  more 
f l e x i b l e  th an  the  six-membered r i n g  i n  XXII. In XXII, t w i s t i n g  o f  the  
two-atom b r id g e ,  C3 -N, could  g iv e  a d ih e d r a l  a n g le  o f  only  1 0 -I 50 between 
th e  C -l  b ridgehead  hydrogen and th e  N -n i t ro so  group. On th e  o th e r  hand , 
tw i s t i n g  o f  the  two atom b r id g e ,  Cs -N , in  XIV cou ld  y i e l d  a  d ih e d r a l  
an g le  between 35 and 1*0°. T hus, t h i s  ease  o f  tw i s t i n g  in  th e  model o f  
MV in d ic a t e s  added f l e x i b i l i t y  i n  th e  two atom b r id g e  which may account
f o r  th e  p resence  o f  th e  syn conform er XlVb.
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The s h i f t  re a g e n t  p l o t s  o f  th e  fo u r  re sonances  o f  XIV a r e  
shown i n  F ig u re  11 (se e  a l s o ,  Table XX) .  The u p f i e ld  d o u b le t  a t  6 
3 .6 5  g iv e s  a p lo t  w ith  a  s t e e p e r  s lope  than  does th e  dow nfie ld  d o u b le t  
a t  6 k . k j .  Thus, th e  ass ignm ent o f  th e  d o ub le t  a t  6 5 .6 5  to  th e  syn 
conform er i s  c o r r e c t .  The s lo p e  o f  th e  s h i f t  re a g en t  p lo t  o f  th e  C-3  
b r id g eh ead  hydrogen syn to  oxygen i s  g r e a t e r  th an  th e  s lo p e  o f  th e  
s h i f t  r e a g e n t  p l o t  o f  th e  C-3  b r idgehead  hydrogen a n t i  t o  oxygen. Be­
cause  th e  a b s o r p t io n  o f  th e  C-3  b ridgehead  hydrogen syn to  oxygen i s  
b u r ie d  under th e  m u l t i p l e t  c e n te re d  a t  6 5*22 which i s  a s s ig n e d  to  the  
C-3  b r id g eh ead  hydrogen a n t i  t o  oxygen, the  e x ac t  p o s i t i o n  o f  t h i s  
hydrogen in  th e  uncomplexed N -n itro sam in e  i s  not known. I f  one e x t r a ­
p o la te s  th e  s h i f t  re a g e n t  p l o t  o f  th e  C-3  b r idgehead  hydrogen syn to  
oxygen to  ze ro  c o n c e n t r a t io n  o f  th e  s h i f t  r e a g e n t  th e  v a lu e  o b ta in e d  
would be a t  h ig h e r  f i e l d  th a n  the  chem ical s h i f t  observed  f o r  th e  C-3  
b r id g eh ead  hydrogen a n t i  to  oxygen. The resonance o f  th e  C-3  b r id g e ­
head hydrogen syn to  oxygen a t  h ig h e r  f i e l d  th an  th e  resonance  o f  th e  
C-3 b r id g eh ead  hydrogen a n t i  to  oxygen would mean t h a t  the  C-3  b r id g e ­
head hydrogen syn to  oxygen i s  s l i g h t l y  in  th e  s h ie l d in g  zone o f  th e  
n i t r o s o  group and no t e x a c t ly  c o p la n a r  w ith  th e  NNO group. This  type  
o f  geom etric  arrangem ent would h e lp  account f o r  th e  e x i s t e n c e  o f  con- 
form er XIVh« Because e x t r a p o la t i o n  o f  the  s h i f t  r e a g e n t  p lo t  o f  th e  C-3  
b r id g eh ead  hydrogen syn to  oxygen g iv e s  a  va lue  o f  the  chem ica l s h i f t  in  
th e  uncomplexed n i t ro sa m ln e  which i s  a t  h ig h e r  f i e l d  th an  th e  whole mul­
t i p l e t  a s s ig n e d  to  th e  two C-3  b ridgehead  p ro to n s ,  a more d e t a i l e d  a n a l ­
y s i s  than  p re s e n te d  in  t h i s  work i s  needed to  confirm  th e  ass ignm ent o f  
th e  C-3  b r id g eh ead  hydrogen syn to  oxygen.
The nex t compound in  the  s e r i e s ,  N -n i t r o s o - 7 -a z a b ic y c lo -  
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F ig u re  11. S h i f t  re a g en t  s tudy o f  N -n i t ro so - ) |-  
azahomoadamantane XIV with Eu(fod)->.
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tnembered r i n g .  The nmr spectrum  o f t h i s  compound (se e  F ig u re  35) i s  
p a r t i c u l a r l y  no tew orthy , b ecau se  i t  shows no t on ly  s i g n a l s  f o r  th e  two 
c o n f ig u ra t io n s  o f  th e  N -n i t ro so  group, bu t a l s o  s i g n a l s  f o r  th e  two 
p o s s ib le  con fo rm ations  o f  th e  eight-membered r i n g .  The f o u r  p o s s ib l e  
d ia s te re o m e rs  a r e  shown below.
.0-
XXb XXc
The peak ass ignm ents  were made w ith  th e  a id  o f  e u r o p iu m ( l l l )  s h i f t  r e ­
agen t s tu d ie s  and double  resonance  exp er im en ts .
The nmr spectrum  o f  XX (see  F ig u re  35) i s  very  complex. The 
a b so rp t io n s  a re  d e sc r ib e d  in  s u c c e s s io n  from th o s e  most d ow nfie ld  to  
th o se  most u p f i e l d .  The broad  m u l t i p l e t  a t  low est f i e l d ,  6 5-01+, i s  
a s s ig n e d  to  the  a n t i  C-6 b rid g eh ead  hydrogen o f  XXa and XXc. The broad 
m u l t i p l e t  a t  h ig h e r  f i e l d ,  6 4 . 56 , i s  a t t r i b u t e d  to  th e  syn C-6 b r id g e ­
head hydrogens o f  XXb o r  XXd. The resonance  p a t t e r n  nex t in  l i n e  a t  
h ig h e r  f i e l d  i s  a d o u b le t  o f  d o u b le ts  which i s  p a r t l y  obscured  by the  
m u l t i p l e t  c e n te re d  a t  5 4 . 56 . However, by means o f  s h i f t  re a g e n t  
s tu d i e s  (see F ig u re  12 and T ab le  21) the  d o u b le t  o f  d o u b le ts  p a t t e r n  
becomes v i s i b l e .  Th is  re sonance  p a t t e r n  i s  c e n te re d  a t  6 4 .46  ( j gem
I 3 .8  Hz, = 4 .0  Hz) and i s  a ss ig n ed  to  th e  a n t i  C-8 m ethylene
hydrogens o f  e i t h e r  XXb o r  XXd. The nex t p a t t e r n  i s  a l s o  a d o u b le t  o f
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F ig u re  12. S h i f t  r e a g e n t  s tudy  of N - n i t r o s o - 7- 
a z a b ic y c lo [ to 2 .2 ]d e c a n e  (XX) w ith  Eu(fod)., .
k l
a s s ig n e d  to  th e  a n t i  C-8 m ethy lene  hydrogens of e i t h e r  XXb o r  XXd. The1 o w  rsrstKt
n ex t p a t t e r n  c o n s i s t s  o f  two sp ik e s  w ith  sm all s p l i t t i n g  o f  each sp ik e
and i s  c e n te re d  a t  6 3 .8 6  (*Jgem = 16.0  Hz). This  p a t t e r n  i s  a s s ig n e d
to  th e  syn C-8 m ethylene  hydrogens o f  e i t h e r  XXa o r XXc. N ext, one
comes to  th e  d o u b le t  of d o u b le ts  c e n te re d  a t  6 3 .18  ( j  = 16.0 Hz.'  gem ’
J v ^c = 6 .0  H z); t h i s  resonance  p a t t e r n  i s  a ss ig n e d  to  th e  syn C-8  
m ethylene hydrogens o f  e i t h e r  XXâ  o r  XXĉ . F i n a l l y ,  the  rem ain ing  h y d ro ­
gens a r e  a s s ig n e d  to  th e  envelope  between 6 2 . 70- 1 .0 0 .
The c o n fo rm a tio n a l  r a t i o  o f  the  eight-membered r in g  and th e  
c o n f ig u r a t io n a l  r a t i o  of th e  N -n itro sam in e  may be determ ined  by com­
p a r in g  i n t e g r a t i o n  r a t i o s .  There appea rs  to  be a  1:1 m ix tu re  o f  th e  
r in g  conform ers because  th e  i n t e g r a t i o n  a re a s  o f  th e  two a b s o r p t io n s
a t  6 3 .8 6  and 6 3 .18  ( syn C- 8  m e thy lenes)  a re  e q u a l .  However, com pari­
son o f  th e  i n t e g r a t i o n  a re a s  a t  6 U.09  ( a n t i  C-8  methylene hydrogens) 
and a t  6 J .1 8  ( syn C-8  m ethylene hydrogens) r e v e a ls  t h a t  th e  d i a s t e r e o -  
mers XXa and XXc predom inate  over XXb and XXd by a margin o f  58$: 42$.
Once a g a in  th e  more s t a b l e  isom er has th e  oxygen a n t i  to  th e  C-6  b r id g e ­
head hydrogen.
Even though th e  model i n t e r n u c l e a r  d is ta n c e  between the  
oxygen and th e  C- 6  b r idgehead  hydrogen i s  s t i l l  2 .5  &, the  model d i ­
h e d r a l  ang le  between th e  hydrogen and th e  N -n i tro so  group is  now about
20° . That i s ,  th e  fo u r  carbon  b r id g e ,  -C2-C3-C4-C5- , causes  th e  C-6  
b r idgehead  hydrogen to  occupy a p o s i t i o n  about 20° below th e  C6C8NN0 
p la n e .  This  20° a n g le  p la c e s  th e  C- 6  b ridgehead  hydrogen in  th e  s h i e l d ­
in g  cone o f  th e  N - n i t r o s o  group w ith  th e  r e s u l t  t h a t  t h i s  hydrogen r e ­
s o n a te s  a t  h ig h e r  f i e l d  when syn to  th e  oxygen in s te a d  o f a t  the  more 
dow nfield  p o s i t i o n  found in  a c y c l i c  N -n i t ro sa m in e s .
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The s h i f t  r e a g e n t  s tu d y  (see  F ig u re  12 and T able  XXI) shows
t h a t  th e  broad m u l t i p l e t  a t  6 4 .5 6  s h i f t s  dow nfie ld  f a s t e r  th an  does
th e  broad m u l t i p l e t  a t  6 5-04 . The 6 4 .5 6  a b s o r p t io n  must th e r e f o r e  
belong to  th e  syn C-6 b r id g eh ead  hydrogen , and th e  6 5 .04  a b so rp t io n  
must belong to  th e  a n t i  C-6 b rid g eh ead  hydrogen. The la rg e  s h i f t  down­
f i e l d  o f  th e  m u l t i p l e t  a t  6 4 .5 6  r e v e a l s  c l e a r l y  th e  d o u b le t  o f  d o u b le ts
c e n te re d  a t  6 4 .4 6 .  The s ig n a l s  f o r  syn m e th y le n es ,  6 5*86 and 6 5 .1 8 ,
s h i f t  dow nfie ld  f u r t h e r  th a n  th o se  f o r  th e  a n t i  m ethylene  h y d ro g en s ,
6 4 .46  and 6 4 ,0 9 .  F i n a l l y ,  a l l  o f  th e  syn and a n t i  m ethylene p a t t e r n s  
a r e  shown to  be coupled  to  the  same hydrogen by means o f  a double i r r a ­
d i a t i o n  exp er im en t .  This  hydrogen is  presumably th e  C - l  b ridgehead  
hydrogen.
N - N i t r o s o - l l - a z a b ic y c lo [ 4 .4 .  l ] u n d e c - l - e n e  , XXIV,, has two f e a ­
tu r e s  which make i t  d i f f e r e n t  from th e  o th e r  b i c y c l i c  N -n itro sam in es  in  
t h i s  s e r i e s :  ( l )  th e  amino n i t r o g e n  is  a t ta c h e d  to  two bridgehead
carbons and (2) one o f  th o se  b r idgehead  carbons  i s  u n s a tu r a te d .  The 
nmr spectrum  ( s e e  F ig u re  3 6 ) c o n s i s t s  o f  two t r i p l e t s ,  one c e n te re d  a t  
6 5*88 ( J  = 6 .0  Hz) and th e  o th e r  c e n te re d  a t  5 5*75 ( J  = 8 .0  Hz); a 
broad m u l t i p l e t  c e n te re d  a t  6 5»0 5 » and a  l a r g e  envelope  re g io n  a t  6 
I.OO-2 .9O. The o b s e r v a t io n  o f  two t r i p l e t s  f o r  th e  v in y l  hydrogen on 
C-2 su g g es ts  th e  p re sen ce  o f  bo th  c o n f ig u r a t io n s  o f  th e  n i t ro sa m in e .  
Indeed , i n t e g r a t i o n  o f  th e  nmr s ig n a l s  in d i c a t e s  th e  m u l t i p l e t  (6 5*05) 
to  be two hydrogens. The two p o s s ib le  isom ers a re  shown below:
j 6 0 % )  8 5 . 15 ,  larger E u ( f o d ) 3 s
XXI Va ( 4 0 % )
XlVb
The t r i p l e t  a t  6 5*88 i s  a ss ig n e d  to  H-2 o f XXIVb,, and th e  t r i p l e t  a t  
6 5 .73 i s  a s s ig n e d  to  H-2 o f  XXIVa. The resonance  f o r  H-6 o f  XXIVa i s
/’n s s s n s * ! ^ /  r v w v s ;
ex p ec ted  to  be a t  h ig h e r  f i e l d  than  th e  resonance  f o r  H-6 o f  XXIVb be- 
cause  th e  d ih e d r a l  ang le  between H-6 and th e  n i t r o s o  group i s  0° in  th e
u n tw is te d  model and can be a l t e r e d  by on ly  about 10° by t w i s t i n g  o f  th e
b i c y c l i c  r in g  s t r u c t u r e .  The resonance  o f  H-6 in  XXIVb  ̂ i s  a t  a p p ro x i­
m a te ly  6 5 .1 5 ,  w hile  the  resonance  o f  H-6 in  XXIV** i s  a t  about 6 5 .02 . 
The predominance o f XXIVja in d i c a t e s  t h a t  a g a in  th e  p o s i t i o n  and s t e r i c  
b u lk  o f  th e  b r id g eh ead  hydrogen cau se s  th e  more s t a b l e  isom er to  be th e
one in  which th e  n i t r o s o  oxygen i s  a n t i  to  i t .
The e x i s t e n c e  o f  bo th  d ia s te re o m e rs  o f  XXIV i s  i n d ic a te d  by 
th e  two t r i p l e t s  f o r  th e  v in y l  hydrogen. The a d d i t io n  o f  s h i f t  r e a g e n t  
cau se s  th e  m u l t i p l e t  enc lo sed  in  th e  dow nfie ld  edge o f  th e  broad m u l t i ­
p l e t  c e n te re d  a t  6 5 .O5 to  s h i f t  dow nfie ld  a g r e a t e r  d i s t a n c e  than  the  
rem ainder o f  th e  m u l t i p l e t  (see F ig u re  13 and T able  XXIl). The s t e e p e r  
s lo p e  f o r  th e  s h i f t  re a g en t  p lo t  and th e  i n i t i a l  chem ica l s h i f t  o f  t h i s  






















O  syn H-6 
A a n t i  H-6
S h i f t  R e a g e n trS u b s tra te  Molar R a t io  (x 102 )
F ig u re  1 'j. S h i f t  r e a g e n t  s tudy  o f j^-ni t r o s o - 11- 
a z a b ic y c lo [J | .  h. l ] u n d e c - l - e n e  (XXIV) w ith E u(fod).J t
5̂
I n t e g r a t i o n  o f  th e  s h i f t e d  peaks g iv es  a r a t i o  o f  XXIVaiXXIVb = 60:1*0; 
th e  m ajor isom er has th e  oxygen a n t i  to  th e  C-6 b rid g eh ead  hydrogen .
£agM<3a~AHylic a ( x >3 ) S t r a i n
S t e r i c  i n t e r f e r e n c e  in  a l l y l i c  and pseudo-a l l y l i c  system s was 
f i r s t  d e sc r ib e d  by Johnson and M a lh o t ra .28*5 The s t e r i c  i n t e r a c t i o n  
between s u b s t i t u e n t s  on th e  1 and 3 p o s i t i o n s  of an a l l y l i c  system  was 
d e f in e d  as A^1 *3 ) s t r a i n . 28b For example, c o n s id e r  th e  two conform ers 
XXV and XXVI in  F ig u re  1U, which c o n ta in  th e  - 03- 02=0 !  system . The
Pr-R
X X V  XXVI R
F ig u re  1J|. S t e r i c  i n t e r f e r e n c e  in  an a l l y l i c  system .
d ih e d r a l  ang le  between -C3R 7 and th e  double bond ( c a  = Cx) i s  z e r o ,  which 
means t h a t  R 7 and R must l i e  in  th e  same p la n e .  Thus, even when R 7 and 
R a re  only  m oderate in  s i z e ,  s t e r i c  in t e r f e r e n c e  between them w i l l  be 
s i g n i f i c a n t .  This  i n t e r f e r e n c e  i s  g r e a t e r  in  magnitude th a n  1 , 3- a x i a l  
i n t e r a c t i o n  between th e  same groups on th e  cyclohexane r i n g ,  and r e l i e f  
o f  t h i s  s t r a i n  in  the  above example may be o b ta in ed  by means o f  a r in g
b6
f l i p  from XXV t o  XXVI.2a^ In  t h i s  c a s e ,  conform er XXVI i s  more s t a b l e* fs/w rvwv/ *
th a n  XXV. 2811
The v a lu e  o f  th e  above model i s  t h a t  th e  A^1 *3 ) s t r a i n  mech­
anism h o ld s  f o r  a l l y l i c  systems c o n ta in in g  atoms o th e r  than  c a r b o n .29a 
When th e  system  c o n ta in s  atoms o th e r  th an  carbon  ( f o r  example, c y c l i c  
k e to n e s ,  im in e s ,  and en am in es ) ,  th e  e f f e c t  i s  termed pseudo- a l l y l i e  
AC1,3) s t r a i n . 28a There a r e  s e v e r a l  examples i n  th e  l i t e r a t u r e  o f  
aC1 *3 ) s t r a i n  in v o lv in g  N -n i t r o s a m in e s .28a Nmr ev idence  in d i c a t e s  t h a t  
th e  p r e f e r r e d  isom er o f  th e  N>,N/ - d i n i t r o s o - 2 ,5 ,5 > 6 - t e t r a m e th y lp ip e r a z in e  
shown in  F ig u r e  I 5 i s  XXVIII in  which a l l  m ethyl groups a r e  a x i a l . 283
-a , .
°  H / -
+ 1 /
XXVI1 XXVIII
F ig u re  I 5 . S t e r i c  i n t e r f e r e n c e  in  a pseudo- a l l y l i c  system. 
Summary
In  summary, a l l  o f  th e  b i -  and t r i c y c l i c  N -n itro sam ines  in  
t h i s  s tu d y  e x h i b i t  pseudo- a l l y l i c  A^1 *3 ) s t r a i n .  The r i g i d i t y  of the  
carbon  r i n g  s k e le to n s  o f  th e se  N -n itro sam in es  b a r s  r e l i e f  o f  s t r a i n  by
means o f  r i n g  in v e r s io n .  However, r e l i e f  o f  s t r a i n  can be a t t a i n e d  by 
means o f  rea rrangem en t o f  th e  N-N p a r t i a l  double  bond and tw i s t i n g  o f  
th e  carbon b r id g e .  These compounds show t h a t  th e  i n - p l a n e  p o s i t i o n  of 
th e  s u b s t i t u e n t  on atom 3 i n the  pseudo- a l l y l i c  system  i s  more impor­
t a n t  th an  th e  s i z e  o f  t h a t  s u b s t i t u e n t .
PART II
PHOTOELECTRON SPECTROSCOPY AND QUANTUM CHEMICAL 
ANALYSIS OF SOME N-NITROSAMINES
FOREWORD
P a r t  I I  o f  t h i s  D i s s e r t a t i o n  c o n ta in s  t h r e e  c h a p te r s .  The 
energy-m inim ized  geo m etr ie s  o f  th e  n i t ro sa m in e s  s tu d ie d  a r e  g iven  in  
Chapter IV. The c o n fo rm a tio n a l  a n a ly s i s  o f  d i i s o p r o p y l -  and of 
m e th y lp h en y ln itro sam in e  i s  p re s e n te d  in  C hapter  V. The t h i r d  c h a p te r  
i s  p r im a r i ly  concerned  w ith  p h o to e le c t r o n  s p e c tro s c o p y ,  b u t  i t  a l s o  
in c lu d e s  a  d i s c u s s io n  o f  bond o r d e r s ,  charge  d e n s i t i e s ,  and b a r r i e r s  




The p rocedure  used to  o b ta in  th e  c a l c u l a t e d  io n i z a t i o n  p o ten ­
t i a l s ’ invo lved  s e v e ra l  s t e p s .  F i r s t ,  th e  ex p e r im en ta l  bond le n g th s  and 
bond an g les  o f  d im e th y ln i t ro sa m in e ,  o b ta in e d  by means o f  an e l e c t r o n  
d i f f r a c t i o n  s tu d y ,  were used in  th e  CNDO/2 c a l c u l a t i o n  o f  th e  b in d in g  
e n erg y . Then the  bond len g th s  and bond a n g le s  were v a r i e d ,  th e  CNDO/2 
c a l c u l a t i o n  was re p e a te d ,  and th e  geometry g iv in g  th e  minimum b in d in g  
energy  fo r  d im e th y ln itro sam in e  was c o n s id e re d  to  be th e  geometry o f  th e  
same group in  the  o th e r  n i t ro sa m in e s  i n  th e  s e r i e s .  The e x c e p t io n s  a re  
d e sc r ib e d  l a t e r .  F in a l ly ,  th e  CNDO/S program , which u t i l i z e d  th e  
energy-m inim ized  geometry found by means o f  th e  CNDO/2 m ethod, was ru n .
The CNDO/2 and CNDO/S c a l c u l a t i o n s  were c a r r i e d  o u t  f o r  th e  
s e r i e s  of N -n itro sam ines  shown in  Table IV by means o f  an IBM 360/65  
d i g i t a l  com puter. The CNDO/2 program w r i t t e n  by Pople and Dobosh29 
was u sed . The CNDO/S method was o r i g i n a l l y  developed  by Del Bene and 
J a f f e ;30 t h e i r  l a t e r  r e p a r a m e te r iz a t io n 31 was used in  t h i s  work. The 
Fock m a tr ix  av erag in g  tech n iq u e  su g g es ted  by King32  was employed to  
a c c e l e r a t e  convergence.
Energy-Minimized S t r u c tu re s
Since th e  CgNgO atoms o f  d im e th y ln i t ro sa m in e  have been shown 
by X-ray and e l e c t r o n  d i f f r a c t i o n  to  have a p la n a r  geom etry , 7 >8 >10 a
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TABLE IV
Compound S t r u c t u r e Name
CH3 ^ 0
N -n itro sod im ethy lam ine
V
ch3ch2 ^ 0
J^N-N N -n i t ro s o d ie th y la m in e
CH3CH2
VI
(ch3 ) ^ hx  ^J0
( ch3 ) 2ch"
N-N N -n i t ro so d i i so p ro p y la m in e
XXIX
CH3 ^ 0  
^N-N N -m e th y l-N -n i t ro s o a n i l in e
XXII
7
N - n i t r o s o - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c t a n e
IX N - n i t r o s o - 1 , 3 ,3“ t r i n>e t h y l - 2 -  
a z a b ic y c lo [ 2 . 2 . 2 ] o c t a n - 5-one
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p la n a r  model o f  th e  CsN^O framework o f  th e  m olecu le  was u sed . F u r th e r ,  
I t  was assumed t h a t  (a )  th e  bond an g le s  In  th e  m ethy l group a re  t e t r a ­
h e d r a l ,  (b )  a l l  o f  th e  C-H bond le n g th s  a r e  th e  same, ( c )  th e  two C-N 
bond le n g th s  a r e  I d e n t i c a l ,  and (d ) th e  m ethy l hydrogens a r e  o r ie n te d  
in  th e  manner shown in  IA / .
I A'
With th e se  a ssu m p tio n s ,  th e  c a l c u l a t i o n s  gave the  energy- 
m inim ized bond le n g th s  and bond an g le s  o f  d im e th y ln i t ro sa m in e  t h a t  a re  
p re s e n te d  in  Table  V. Th is  Table  in c lu d e s  th e  e x p e r im e n ta l  bond le n g th s  
and bond a n g le s  based upon e l e c t r o n  d i f f r a c t i o n  r e s u l t s .  The agreement 
between c a l c u l a t i o n s  and experim ent i s  q u i t e  good; th e  c a l c u l a t e d  bond 
le n g th s  a r e  s l i g h t l y  s h o r t e r  than  th e  e x p e r im e n ta l  o n es .
Bond le n g th s  and bond a n g le s  w i th in  th e  e th y l  and i s o p ro p y l  
groups o f  V and VI were tak en  to  be th o se  g iv en  by Pople  and B everidge . 33 
W ith in  th e  phenyl group o f  XXI&, th e  c a rb o n -ca rb o n  bond le n g th s  were 
ta k e n  to  be 1 . J 95 th e  carbon-hydrogen  bond le n g th s  to  be 1 .0 8^ 8 , 
and a l l  c a rb o n -ca rb o n -ca rb o n  and carbon -ca rb o n -h y d ro g en  bond an g le s  to  
be 120°. The energy-m inim ized bond le n g th  o f  the  p h en y 1 -n itro g en  bond 
was found to  be l j i l  R fo r  bo th  a co m p le te ly  p lu n a r  m olecule  and fo r
52
TABLE V
BOND LENGTHS AND BOND ANGLES OF DIMETHYLNITROSAMINE
Bond
Length (&) 
E le c t r o n  
D i f f r a c t i o n
Length (fi) 
(C a lc u la te d )  
This Study
N-0 1.235 1.20
N-N 1 .3  44 1.31
C-Nsyn 1.461 1.41
C-Na n t i 1.461 1.41
C-H I .129 1 .1 2
Bond
Angle (d e g .)  
E le c t ro n  
D i f f r a c t i o n
Angle (d e g . )  
(C a lc u la te d )  
This Study
NNO 113.6 115.0
CNNsyn 120 .4 120.0
CNNa n t i 116.4 120.0
CNC 123.2 119.0
NCH 109.6 109 . 50
(assumed)
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s e v e r a l  conform ations  t h a t  have v a r io u s  an g le s  o f  t w i s t  between th e  
p la n a r  phenyl and p la n a r  NNO g ro u p s .
Compounds XXII and IX were assumed to  have s ta n d a rd  C-C and 
C-H bond le n g th s  o f  1 .5^  8  and 1 .0 7  8 , r e s p e c t i v e l y . 33 A l l  C-C-C and 
C-C-H bond an g le s  in  th e  m ethy l groups and in  th e  b i c y c l i c  r in g  s t r u c ­
tu r e s  were assumed to  be t e t r a h e d r a l .  The geometry o f  th e  NNO group 
was k e p t  th e  same as t h a t  in  th e  energy-m inim ized  s t r u c t u r e  o f  d im e th y l­
n i t ro sa m in e .  However, th e  bond a n g le s  and bond le n g th s  a s s o c ia te d  w ith  
th e  CNC p o s i t i o n  o f  the  m olecu le  were v a r i e d  i n  o r d e r  to  f in d  th e  m in i­
mum energy geometry. The r e s u l t a n t  geometry has  a n g le s  a t  th e  carbons 
a  to  th e  r in g  n i t ro g e n  which a re  s l i g h t l y  s m a l le r  th a n  th e  normal t e t r a ­
h e d r a l  an g le s  o f  th e  r in g  s t r u c t u r e ,  C-N bond le n g th s  t h a t  a re  g r e a t e r  
th an  th e  l . l j l  8  energy-m inim ized value f o r  d im e th y ln i t ro sa m in e ,  and a 
C-N-C bond an g le  near 120°. The compressed r in g  a n g le s  a t  th e  a -c a rb o n s  
and th e  C-N bond d i s t a n c e s ,  len g th en ed  w ith  r e s p e c t  to  th o se  o f  d im e th y l­
n i t r o s a m in e ,  a r e  th e  s t r u c t u r a l  f e a t u r e s  t h a t  were a d ju s te d  to  accomodate 
th e  n i t ro sa m in e  group i n t o  th e  b i c y c l i c  r i n g  system .
XXIIA
The energy-m inim ized geometry o f  compound XXII i s  shown in  
XXIIA. file geometry o f  th e  b ic y c l i c  r in g  o f  compound IX was th e  same 
as  t h a t  o f  compound XXII excep t t h a t  th e  C4C5C6 an g le  (see  Table  IV, 
compound IX) was in c re a se d  s l i g h t l y  from t e t r a h e d r a l  to  a v a lu e  approach­
ing  120° and th e  C4-C5 and C5-Cs  bond le n g th s  were d ec rea se d  from l . j h  &
to  1 .52  &. These changes were made to  l e s s e n  th e  s t r a i n  in  th e  C -H-C
Oi a
group . The C=0 bond le n g th  was assumed to  be 1 .22  S . 33
CHAPTER V 
PREFERRED GEOMETRIES
C onform ationa l A n a ly s is  o f  D liso p ro p y ln l t ro sa m in e
An a n a ly s i s  o f  th e  p r e f e r r e d  con fo rm ation  o f  th e  a n t i  i s o ­
p ro p y l  group o f  d i i s o p ro p y ln i t r o s a m in e  by means o f  a  com parison o f  th e  
nmr s p e c t r a  o f  d i i s o p ro p y ln i t r o s a m in e  w ith  m e th y l iso p ro p y ln i t ro sa m in e  
was r e p o r te d  by K araba tsos  and T a l l e r . 3 The im p o rtan t  p o in t s  o f  t h i s  
a n a l y s i s  a re  co n s id e re d  b e fo re  th e  r e s u l t s  o f  th e  c a l c u l a t i o n  o f  the  
b in d in g  energy  o f d i i s o p ro p y ln i t r o s a m in e  confo rm ations  a re  shown.
K arab a tso s  and T a l l e r  c o n s id e re d  th e  confo rm ations  shown below 
i n  t h e i r  a n a ly s i s  o f  th e  p r e f e r r e d  conform ation  o f  groups a n t i  to  
ox y g en .3 They showed t h a t  when R i s  m ethy l,  XXXIII i s  favo red  over/VWVN/V
XXXIV, and t h a t  th e  r a t i o  [XXXIII]:[XXXI\T] d e c re a se s  when R i s  changed 
from m ethy l to  i s o p ro p y l .
(A,Rx il h jj c t , n
® . rX R* * R ^ >
xxxiv
They c o n s id e re d  th e  confo rm ations  o f m e th y l - t e r t - b u t y l n i t r o s -  
am ine, XXXJ£, m e th y l i s o p ro p y ln i t ro sa m in e ,  XXXVI and XXXVTt, (XXXVII i s  
tw ic e  a s  p ro b ab le  as XXXVI) and m e th y le th y ln i t ro sa m in e  XXXVIII and(WN/WW
55
XXXIX, (XXXVIII i s  tw ice  as p ro b a b le  a s  XXXIX)(see F ig u re  16). Chemical
N W M '  V W W W N J  ‘  r v w w '  '  '
s h i f t s  o f  th e  a n t i -f l-m ethyls  cou ld  no t be e x p la in e d  by assuming t h a t  
e n e r g e t i c a l l y  XXXVI=XXXVII and XXXVIII^XXXIX. However, they  assumed 
t h a t  XXXVI i s  l e s s  e n e r g e t i c  th a n  XXXVII and t h a t  XXXVIII i s  l e s s  en e r -
r W W W  / W / W N T J  rv y v rv T N /N /V T O
g e t i c  than  XXXIX,3 Thus, they  p re d ic te d  t h a t  t h e r e  should  be a m ethyl 
group a t  p o s i t i o n  A in  m e th y l - t e r t - b u ty ln i t r o s a m in e  100$ o f  th e  t im e ,  
a t  p o s i t i o n  A in  m e th y l is o p ro p y ln i t ro s a m in e  66$ o f  th e  t im e ,  and a t  
p o s i t i o n  A i n  m e th y le th y ln i t ro s a m in e  33$ th e  t i m e .3 Because th e  
an ti- /3 -m eth y ls  spend p r o g r e s s iv e ly  l e s s  tim e in  th e  d e s h ie ld in g  zone of 
th e  n i t r o s o  group, th e  chem ica l s h i f t  o f  th e  a n t i - fl-methyls in  m ethy l- 
i s o p ro p y l -  and m e th y le th y ln i t ro s a m in e s  should  be a t  h ig h e r  f i e l d  than  
th e  chem ica l s h i f t  of th e  c o rre sp o n d in g  p ro to n s  i n  m e th y l- t e r t - b u t y l -  
n i t r o s a m in e .3 This re a so n in g  i s  su p p o rted  by th e  nmr d a t a . 3
p ro p y ln i t ro sa m in e  to  be XXX and XXXI.3 Because o f  th e  more sev e re  i n t e r -  
a c t i o n s  o f  th e  methyl groups in  XXX th an  in  XXXI, they  p re d ic te d  th e  
r a t i o  [X3GO]: [XXX] to  be l a r g e r  th a n  th e  r a t i o  [3000/11^: [ }QQCVI] .  (1) I f  
XXXI p redom inates  over XXX, then  th e  a n t i - a - m e th in e  should  re s o n a te  a t* V S r^r+r ——-
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F ig u re  16. The con fo rm a tions  of th e  groups a n t i  
to  oxygen in  some N -n itro sam in es
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h ig h e r  f i e l d  th a n  t h a t  o f  m e th y l i s o p ro p y ln i t ro sa m in e . 3 Indeed , th e  
a n t i - q -m eth ine  in  d i i s o p ro p y ln i t r o s a m in e  re s o n a te s  O.59  ppm u p f i e ld  
from t h a t  in  m e th y l i s o p ro p y ln i t ro s a m in e . 3 (2) The a n t i -f l-m ethy ls  in  
d i i s o p ro p y ln i t r o s a m in e  would be expec ted  to  r e s o n a te  dow nfie ld  from 
th o se  i n  m e th y l is o p ro p y ln i t ro sa m in e ;  th e  s h i f t  i s  - 0 .1  ppm. 3 (3 ) The 
m agnitude o f th e  s o lv e n t  s h i f t  f o r  the  a n t i -q -m eth in e  i n  d i i s o p r o p y l ­
n i t ro sa m in e  should  be l a r g e r  th an  f o r  t h a t  in  m e th y l i s o p r o p y ln i t r o s ­
amine, and the  d a te  c o r ro b o ra te  t h i s  p r e d i c t i o n . 3 (4) F i n a l l y ,  th e  
m agnitude o f  th e  s o lv e n t  s h i f t  o f  th e  a n t i -f i-m ethyls  shou ld  d e c re a se  
to  a  g r e a t e r  e x te n t  th an  t h a t  o f  the  syn-f t-m ethy ls  on going  from 
m e th y l iso p ro p y l  to  d i i s o p r o p y ln i t r o s a m in e . 3 This d i f f e r e n c e  i s  found 
to  be th e  c a s e .
The c o n fo rm a tio n a l  a n a ly s i s  by K araba tsos  and T a l l e r  i s  
la c k in g  in  t h a t  on ly  two confo rm ations  o f  th e  a n t i  i s o p ro p y l  group were 
c o n s id e re d ,  and e s t im a te s  o f  th e  b in d in g  e n e rg ie s  were n o t  a v a i l a b l e .  
Thus, in  t h i s  s tu d y ,  two more p o s s ib le  con fo rm ations  were c o n s id e re d ,  
th e  b in d in g  e n e r g ie s  were c a l c u l a t e d , and th e  adherence  o f  th e  conform a­
t i o n  to  c r i t e r i a  1-4 was t e s t e d .  The con fo rm ations  o f  d i i s o p r o p y l n i t r o s ­
amine t h a t  were c o n s id e re d  a re  shown in  F ig u re  17 a long  w ith  t h e i r  b in d ­
in g  e n e r g ie s .  In  each o f  the  fo u r  co n fo rm a tio n s ,  I n t e r a c t i o n s  between 
m ethy l group hydrogens syn and a n t i  to  oxygen were m in im ized . The i s o ­
p ro p y l  group syn to  oxygen was m ain ta ined  in  th e  same s p a t i a l  a rrangem ent 
in  each o f  th e  fo u r  confo rm ations  because  nmr ev idence  i n d i c a t e s  t h a t  
q -m e th in e  hydrogens re s o n a te  a t  lower f i e l d s  when th ey  a r e  syn th a n  when 
they  a re  a n t i  t o  th e  oxygen. This  arrangem ent r e q u i r e d  th e  m eth ine 
hydrogen to  be in  th e  p lan e  o r  v e ry  n e a r ly  in  the  p la n e  o f  th e  n i t r o s o  
group . By comparison o f th e  nmr chem ical s h i f t  o f  th e  a n t i  m eth ine  r e ­
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c h 3 i
- r  xCH3 CH3 3
Binding  
( H a r t r e e s )
- 9 . 0 4 4 8
9 . 0 5 4 7
9 . 2 2 2 1
9 . 1 5 3 2
Energy  
( K c a l / m o l )
- 5 6 7 5  .3
- 5 6 8 1 , 5
- 5 7 8 6 . 5
-  5 7 4 3 . 3
F ly u re  l y .  Binding e n e r g ie s  o f  v a r io u s  conforiners 
o f  d i ld o p ro p y ln l t ro s a m ln e
60
K a rab a tso s  and T a l l e r 3 showed t h a t  th e  a n t i  m ethine In  the  l a t t e r  com­
pound must spend more tim e In  th e  s h ie l d in g  zone o f  th e  n i t r o s o  group 
than  does t h a t  in  th e  form er compound. Thus, conform ation  XXX i s  r u le d  
o u t ,  and th e s e  workers a s s ig n e d  th e  p r e f e r r e d  conform ation  o f  d i i s o p r o ­
p y ln i t ro sa m in e  to  con fo rm ation  JQQCt o f  F ig u re  17. However, co n fo rm a tio n  
XXXI i s  c a l c u l a t e d  to  be on ly  6 .2  k c a l /m o l  more s t a b l e  than  th e  most 
s t r a i n e d  c o n fo rm a tio n a l  p o s s i b i l i t y ,  XXX. Conformation XXXXI i s  c a lc u -  
l a t e d  to  be about 62 k ca l/m o l more s t a b l e  than  XXXI. The most s t a b l ers/wv
confo rm a tion  i s  XXXX, and i t s  s t a b i l i t y  may be a t t r i b u t e d  to  th e  m in i-  
m iz a t lo n  o f  hydrogen-hydrogen i n t e r a c t i o n s  between th e  i so p ro p y l  group 
syn to  oxygen and th e  one a n t i  to  oxygen. However, XXXX would be ex p ec ted
to  v i o l a t e  c r i t e r i o n  2 above. Conform ation XXXXI does conform to  th e  
fo u r  c r i t e r i a  c o n s id e re d  above, and th e  c a l c u l a t i o n s  dem onstra te  i t  i s .  
e n e r g e t i c a l l y  more s t a b l e  than  JQCXI. F ig u re  18 shows th a t  the  two con­
fo rm a tio n s  (XXX and XXXl) c o n s id e re d  by K araba tsos  a n d ,T a l l e r 3 a r e  p re -  
d ie t e d  by means o f  th e  CNDO/2 c a l c u l a t i o n  to  be th e  l e a s t  s t a b l e  ones . 
Thus, th e  p r e s e n t  work e lu c i d a t e s  th e  e f f e c t s  of th e  hydrogen-hydrogen 
i n t e r a c t i o n s  between th e  two i s o p ro p y l  groups on th e  co n fo rm a tio n a l  p r e ­
f e re n c e  o f  d i i s o p r o p y ln i t r o s a m in e .
S t r u c t u r a l  V a r ia t io n  in  M eth y lpheny ln itro sam ine
Both m e th y lp h en y ln itro sam in e  (HCIX) and d i i s o p ro p y ln i t r o s a m in e  
(XJDC) p ro v id e  an o p p o r tu n i ty  to  u se  th e  b in d in g  energy c a lc u la te d  by 
means o f  th e  CNDO/2 method a long  w ith  o th e r  d a ta  to  p r e d ic t  th e  p r e f e r r e d  
c on fo rm a tion  o f  th e  groups a t ta c h e d  to  th e  carbon  atoms a  to  n i t r o g e n .
The b in d in g  e n e r g ie s  o f  a number o f  d i f f e r e n t  conform ations o f  £XIX, were 














C o n fo rm er
F ig u re  18. B inding e n e r g ie s  o f  d i i s o p ro p y ln i t r o s a m in e  
co n fo rm a tio n s .  XXX, XXXI, XXXX, and XXXXI a re  i l l u s t r a t e d  in
rsrsr^J o j v / s / v r
F ig u re  17. Curve i s  app rox im ate  because  only  th e  maxima and
minima were c a l c u l a t e d .
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Nmr sp ec tro sco p y  in d i c a t e s  t h a t  th e  on ly  c o n f ig u r a t i o n a l  
isom er p r e s e n t  in  XXIX has th e  m ethyl group syn to  oxygen. Two con­
fo rm a t io n a l  a rrangem ents  o f  th e  methyl hydrogens which shou ld  be impor­
t a n t  i n  d e te rm in in g  th e  p r e f e r r e d  geometry a r e  XXIXa and XXIXb. T ab les
VI and V II p r e s e n t  th e  b in d in g  energy  as  a fu n c t io n  o f  th e  C^-N bond 
d i s t a n c e  and th e  d ih e d r a l  an g le  between th e  pheny l p la n e  and th e  n i t r o s -  
amine p la n e .  For bo th  XXIXa and XXIXb th e  energy-m in im ized  C ,-N bond
r y v y v s i  0
d i s t a n c e  f o r  each d ih e d r a l  an g le  i s  1.41 S.. A lso ,  co n fo rm a tio n  XXIXb,(WWV
which has  th e  two m ethyl hydrogens gauche to  an o r th o  phenyl hyd rogen , 
has in  each c a s e  a lower b in d in g  energy than  con fo rm a tio n  XXIXa, which 
h a s  two m ethy l hydrogens gauche to  oxygen.
In  o rd e r  to  o b ta in  more r e l i a b l e  d a ta  on th e  e f f e c t  o f  phenyl 
d ih e d r a l  a n g le  and m ethyl hydrogen c o n f ig u r a t i o n ,  th e  b in d in g  e n e r g ie s  
o f  a  number o f  v a r ie d  confo rm ations  were computed. The b in d in g  e n e r g i e s ,  
c a l c u l a t e d  as a  f u n c t io n  o f  phenyl d ih e d r a l  an g le  and m ethy l hydrogen 
d ih e d r a l  an g le  ( t h e  an g le  between H* and th e  n i t ro sa m in e  p l a n e ) ,  f o r  
co n fo rm a tio n  XXIXc a re  shown in  Tab le  V I I I .  The co n fo rm a tio n  hav ing  
th e  low est b in d in g  energy has  a phenyl d ih e d r a l  an g le  o f  0° and an 
o r i e n t a t i o n  o f  th e  m ethyl hydrogens gauche to  th e  phenyl o r th o -h y d ro g e n . 
Hq .
Because th e  b in d in g  energy was a f f e c t e d  by th e  m ethyl hydro­
gen con fo rm a tion  and because  only  a sm all number o f  a l l  th e  p o s s ib le  
m ethy l hydrogen co n fo rm a tions  were c a l c u l a t e d ,  th e  m ethy l con fo rm a tions  
were averaged  to  g ive  a r e p r e s e n t a t i v e  b in d in g  energy  f o r  each  an g le  o f  
phenyl t w i s t .  The av e rag in g  form ula  employed was
^ - ( V E oV rt 




THE DEPENDENCE OF BINDING ENERGY ON C(«J) N BOND LENGTH
AND PHENYL CC(<4)NNO DIHEDRAL ANGLE
o-
Phenyl/NNO 
D ih e d ra l  Angle 
(d eg rees )
C(«J)N Bondlength (ft)
1 .37 1.39 1.41 1.4-3 1.45
0 9 .13524 9.13862 9.14008 9.13979 9.13791
5 9 .1355^ 9.13889 9 .1 4 0 J2 9.14000 9 . I 38 IO
10 9.13633 9.13959 9.14095 9.14056 9.13859
15 9 .13736 9.14052 9.14177 9.14129 9 .13924
20 9.13B37 9.14141 9.14257 9.14200 9.13987
a .  The p r e f e r r e d  C(vJ)N bond d i s t a n c e  i s  1.41 ft f o r  e ac h -a n g le  o f  t w i s t .
b . The an g le  o f  phenyl tw i s t  h av ing  th e  low est b in d in g  energy i s  a t
3°°  ( -9 .14348  H a r t r e e s ) ;  C(^)N = 1.41 8 .




THE DEPENDENCE OF BINDING ENERGY ON C(«S)N BOND LENGTH




D ih e d ra l  Angle 
(d eg re es )
C(^)N Bondlength (ft)
1 .57 1.59 1.1*1 1.1*5 1.1+5
0 9.11*282 9.11*51*2 9.11*616 9.11*521 9.11*272
5 9.11*271 9.11*552 9.11*607 9.11*515 9.11*261*
10 9.11*21*1 9.11*501* 9.11*581 9.11*1*89 9.11*21*2
15 9 . 11*19!* 9.11*1*61 9.11*51*1 9.11*1*52 9.11*208
20 9 . 11*156 9.11*1*07 9.11*1*91 9 . 11+1*06 9 . I U 65
a .  The p r e f e r r e d  c(^)N  bond d i s t a n c e  i s  1.1*1 8 fo r  each an g le  o f  phenyl 
t w i s t .
b .  The an g le  o f  phenyl tw i s t  hav ing  the  most n e g a t iv e  b in d in g  energy  i s  
a t  0° (-9.11*616 H a r t r e e s ) ;  C(«J)N = 1.1*1 ft.
c .  The b in d in g  e n e r g ie s  a re  a l l  n e g a t iv e ;  u n i t s  a re  H a r t r e e s .
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TABLE V II I
THE BINDING ENERGIES OF METHYLPHENYLNITROSAMINE FOR A 
NUMBER OF CONFORMATIONS OF THE METHYL AND PHENYL GROUPS
Phenyl/NNO 
D ih e d ra l  Angle 
(d e g re e s )
Methyl Hydrogen D ih e d ra l  Angle (d eg re es )
0 15 50 45 60
0 9 . 12*008 9.14134 9.14377 9.14556 9.14616
10 9.12*094 9.14296 9.14500 9.14600 9.14581
20 9.14257 9 .14427 9.14544 9.14563 9.14491
30 9.14348 9.14447 9.14489 9.14459 9 .14377
l+o 9.14324 9.14365 9.14364 9.14319 9 .14256
50 9.14220 9.14231 9.14213 9.14172 9.14134
6o 9.14092 9.14090 9.14069 9.14037 9 .1401b
70 9.15980 9.15974 9.15955 9.13928 9.15915
80 9.15907 9.15901 9.15883 9.15859 9.13847
90 9.13882 9.13876 9.15859 9.15855 9.13823
a .  The C(^)N bond le n g th  Is  In  a l l  c a se s  1.41 S .
b .  The b in d in g  e n e r g ie s  a re  a l l  n e g a t iv e ;  u n i t s  a r e  H a r t r e e s .
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where i s  th e  b in d in g  energy f o r  one p a r t i c u l a r  m ethyl co n fo rm a tio n ,
E0 i s  th e  b in d in g  energy o f th e  most s t a b l e  m ethy l group con fo rm ation  
f o r  a g iv en  phenyl ang le  of t w i s t ,  T i s  'room te m p e ra tu re ,  and th e  sum 
ex tends  over a l l  m ethyl conform ations  which were c a l c u l a t e d  f o r  each 
an g le  o f  phenyl t w i s t .  Note t h a t  th e  fo rm u la  w e igh ts  each c o n t r ib u t in g  
m ethyl confo rm ation  by a Boltzman f a c t o r  which g iv e s  i t s  r e l a t i v e  impor­
ta n c e  in  th e  o v e r a l l  d i s t r i b u t i o n  o f  c o n fo rm a t io n s .  Tab le  IX p r e s e n ts  
th e  b in d in g  energy as a fu n c t io n  o f  th e  a n g le  between th e  phenyl group 
and th e  n i t ro sa m in e  group a f t e r  th e  a v e ra g in g  has been done. Note t h a t  
th e  most s t a b l e  conform ation  h a s  a v a lu e  o f  t h e  p h e n y l /n i t ro s a m in e  ang le  
o f  p la n e s  o f  about te n  d eg rees .
The b in d in g  energy o f  th e  u n s t a b l e  conform er o f  m ethy lpheny l-  
n l t ro sa m in e  (xXIXd) shown below was c a l c u l a t e d .  The energy-m inim ized
- o
XXIXd
C,-N bond d i s ta n c e  f o r  XXIXd was l . i j l  &. The p h e n y l /n i t ro s a m in e  d i -0 rv w w
h e d r a l  an g le  was v a r ie d  and th e  c a l c u l a t e d  b in d in g  e n e r g ie s  a re  shown 
in  Table X. The d i f f e r e n c e  in  b in d in g  energy  between £XI£<i and the  
more s t a b l e  XXIXb i s  approx im ate ly  7 .8  k c a l /m o l .  The s t e r i c  i n t e r a c t i o n  
o f  th e  phenyl o r tho -hydrogen , H^, w ith  th e  n i t r o s o  oxygen in  XXIXd 
cau ses  th e  conformer w ith  phenyl a n t i  t o  oxygen to  be th e  on ly  one ob­
se rv e d .
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TABLE IX
BINDING ENERGY OF METHY LPHENYLNITROSAMINE AS 
A FUNCTION OF DIHEDRAL ANGLE
Phenyl Angle 
(d e g re e s )
B inding Energy 













THE DEPENDENCE OF BINDING ENERGY ON C(«S)N BOND LENGTH
AND PHENYL/NITROSAMINE DIHEDRAL ANGLE
-o
Phenyl 
D ih e d ra l  Angle 
(d eg rees )
C(«()N Bond Length (j£)
1 .57 1 .59 1.41 1.43 1.45
0 9.12703 9.151^2 9.15580 9.15434 9.13320
5 9.12777 9.13208 9 .13438 9.13485 9.13366
10 9.12970 9.13579 9.15589 9.13619 9.13484
15 9.13212 9-13594 9.15780 9.13788 9.13633





70 9 . 14053
a .  Because the  C(«5)N bond le n g th  o f  1.41 A i s  th e  p r e f e r r e d  bond len g th  
f o r  each ang le  o f  phenyl tw i s t  from 0° to  2 0 ° ,  on ly  t h a t  bond len g th  
was used f o r  th e  phenyl d ih e d r a l  a n g le s  o f  30°  to  70° .




Q u a l i t a t i v e  I n t e r p r e t a t i o n  o f  P h o to e le c t ro n  S p e c tra
One method o f  i n t e r p r e t i n g  p h o to e le c t r o n  s p e c t r a  i s  to  com­
p a re  th e  spectrum  o f  th e  sample m olecule  w ith  th e  a s s ig n e d  spectrum  of 
a s i m i l a r  m o lecu le .  A more r ig o ro u s  t re a tm e n t  i s  to  s u b je c t  the  mole­
c u le  under c o n s id e r a t i o n  to  a f u l l  m o lecu la r  o r b i t a l  c a l c u l a t i o n  and to  
a s s ig n  th e  bands in  th e  spectrum  by means o f  th e  c a l c u l a t e d  o r b i t a l  
e n e r g i e s .  Both o f  th e s e  te ch n iq u es  were used to  a s s ig n  th e  m o lecu la r  
o r b i t a l  e n e r g ie s  o f  th e  N -n itro sam in es  s tu d ie d  in  t h i s  work.
The m o lecu la r  o r b i t a l  c a l c u l a t i o n s  were perform ed us in g  the  
CNDO/2 and CNDO/S computer p rog ram s.33 Larry  P. D av is ,  a  fe l lo w  g rad­
u a te  s tu d e n t  who c o l l a b o r a t e d  on t h i s  p o r t i o n  o f  th e  s tu d y ,  p rovided  
th e  knowledge to  o b ta in  and i n t e r p r e t  the  r e s u l t s  o f  the  computer c a l ­
c u l a t i o n s .  An e x c e l l e n t  d i s c u s s io n  o f  th e  c a l c u l a t i o n a l  methods i s  
c o n ta in e d  i n  h i s  Ph.D. D i s s e r t a t i o n . 34 Two t o p i c s ,  the  q u a l i t a t i v e  
i n t e r p r e t a t i o n  o f  p h o to e le c t ro n  s p e c t r a  and th e  u se  o f  th e  CNDO c a lc u ­
l a t i o n s  to  a s s ig n  o r b i t a l  e n e r g ie s ,  a r e  p re s e n te d  in  th e  fo l lo w in g  p a ra ­
g ra p h s .
The q u a l i t a t i v e  approach to  th e  i n t e r p r e t a t i o n  o f  p h o to e le c ­
t r o n  s p e c t r a  in v o lv e s  th e  assignm ent o f  s p e c t r a l  f e a tu r e s  to  c e r t a i n  
m o le c u la r  c h a r a c t e r i s t i c s . 35 A few o f  th e se  c h a r a c t e r i s t i c s  a re  th e  
e l e c t r o n e g a t i v i t y  o f  a s u b s t i t u e n t ,  th e  in d u c t iv e  e f f e c t  o f  a s u b s t i ­
t u e n t ,  th e  p re sen ce  o f  lone p a i r s  o f  e l e c t r o n s ,  and th e  p e r f lu o r o
oy
TO
e f f e c t . 35 Because the  s p e c t r a  o f  a g r e a t  many compounds have been c o r ­
r e l a t e d  w ith  th e se  f a c t o r s ,  g e n e r a l i z a t io n s  about s h i f t s  in  peak p o s i ­
t i o n s  in  a s e r i e s  o f  compounds and about lo n e - p a i r  and TT-orbital bands 
a r e  p a r t i c a b l e .  This  method o f  band i d e n t i f i c a t i o n  depends on th e  f o l ­
lowing two a ssu m p tio n s :35
(1) Changes in  th e  e n e rg ie s  o f  m o lecu la r  o r b i t a l s  can be c o r ­
r e l a t e d  s p e c i f i c a l l y  w ith  changes in  the  s u b s t i t u t i o n  p a t t e r n  
o f  th e  m olecu le .
(2) M olecu la r  o r b i t a l s  can o f t e n  be t r e a t e d  as be ing  lo c a l iz e d  
on an atom ( ,£ .£ . ,  a  lone p a i r  o r b i t a l )  o r  between a r e l a t i v e l y  
sm all  number o f  a tom s, e . g . ,  a TT -orb ita l.
The e l e c t r o n e g a t i v i t y  o f  a s u b s t i t u e n t  may be used in  th e  in ­
t e r p r e t a t i o n  o f  th e  p h o to e le c t ro n  spectrum  o f  a m olecule  in  two ways. 
F i r s t ,  as th e  e l e c t r o n e g a t i v i t y  o f  th e  s u b s t i t u e n t  i n c r e a s e s ,  th e  i o n iz a ­
t i o n  p o t e n t i a l  o f  th e  o r b i t a l s  o f  the  o th e r  atoms in  th e  m olecu le  in ­
c re a s e s .  Second, s u b s t i t u e n t  atoms may be I d e n t i f i e d  by means o f  e l e c ­
t r o n e g a t i v i t y - o r b i t a l  i o n i z a t i o n  p o t e n t i a l  c o r r e l a t i o n s .  For example, 
th e  i o n i z a t i o n  p o t e n t i a l s  o f  ha logen  lo n e - p a i r  o r b i t a l s  va ry  l i n e a r l y  
w ith  e l e c t r o n e g a t i v i t y ;  th e  h ig h e r  th e  e l e c t r o n e g a t i v i t y ,  th e  h ig h e r  the  
i o n i z a t i o n  p o t e n t i a l . 35
The in d u c t iv e  e f f e c t ,  well-known in  o rg an ic  c h e m is t ry ,  a l s o  
i n f lu e n c e s  p h o to e le c t ro n  sp e c tro sc o p y .  For example, in  the  s e r i e s
CH2=CH2 , CH3-CH=CH2 , C2H5-CH=CH2 , c3h7- ch=ch2 ,
th e  g r e a t e r  in d u c t iv e  e f f e c t  o f  the  lo n g e r  c h a in  a lk y l  s u b s t i t u e n t s  causes  
th e  i o n i z a t i o n  p o t e n t i a l  o f  th e  TT o r b i t a l  to  d e c re a s e ;  th e  v a lu e s  a r e ,  
r e s p e c t i v e l y ,  1 0 .5 I ,  9«7^» 9*61, and 9*5^ eV.35 C o r r e la t io n  o f  o r b i t a l  
i o n i z a t io n  p o t e n t i a l s  w ith  th e  Hammett c o n s t a n t ,  a * , a l s o  r e v e a l s  t h a t  a 
more h ig h ly  branched s u b s t i t u e n t  lowers th e  i o n i z a t i o n  p o t e n t i a l  o f  a 
p a r t i c u l a r  o r b i t a l . 35
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Not on ly  I s  th e  p o s i t i o n  o f  a band in  th e  p h o to e le c t r o n  sp ec ­
trum Im portan t b u t  i t s  shape i s  a l s o  im p o r ta n t .  I o n i z a t io n  from lo n e -  
p a i r  o r b i t a l s  p roduces  sharp  bands in  th e  p h o to e le c t r o n  spec trum , w hile  
i o n i z a t i o n  from TT-orbitals  u s u a l l y  g ives  r i s e  to  b ro a d e r  peaks hav ing  
more v i b r a t i o n a l  f i n e  s t r u c t u r e . 51 The most e n e r g e t i c  occup ied  lo n e -  
p a i r  o r b i t a l s  hav ing  ve ry  l i t t l e  bonding c h a r a c t e r  a r e  e s p e c i a l l y  s h a r p ,  
and th e se  bands may show s p i n - o r b i t  s p l i t t i n g .  However, lo n e - p a i r  o r b i ­
t a l s  which c o n t r i b u t e  to  th e  bonding m o lecu la r  o r b i t a l s  a r e  b road  and 
c o n ta in  l i t t l e  f in e  s t r u c t u r e .
In  th e  case  o f  a l i p h a t i c  compounds, i t  i s  p o s s ib le  to  d i s t i n ­
gu ish  ct-  from TT-orbitals  by means o f  the  p e r f lu o r o  e f f e c t . 35 The i o n i ­
z a t i o n  p o t e n t i a l s  o f  th e  m o le c u le s ' a - o r b i t a l s  a r e  in c re a s e d  when 
f l u o r i n e  i s  s u b s t i t u t e d  f o r  hydrogen , bu t th e  i o n i z a t i o n  p o t e n t i a l  o f  
th e  TT-orbitals  i s  no t a f f e c t e d .
The above d i s c u s s io n  i s  l im i te d  to  g e n e r a l i z a t i o n s  concern ing
band p o s i t i o n s  and shapes in  p h o to e le c t r o n  sp e c tro sc o p y .  I t  has  been
found t h a t ,  in  th e  m ain, i o n i z a t i o n  p o t e n t i a l s  in c r e a s e  in  th e  o rd e r :
lo n e - p a i r s  o f  I ,  S, P <  a rom atic  Tf (u s u a l ly  two to  t h r e e  a s s o c ia te d
peaks) ^  TT a l i p h a t i c  <  lone  p a i r s  o f  Br, C l ,  0 ,  N <  ct C-0, C -C l, C-C <
P
lo n e - p a i r  F <  ct .s
Even though th e  methods d e sc r ib e d  above a r e  h e l p f u l  in  a s s ig n ­
ing  pes bands, a more a c c u ra te  te ch n iq u e  in v o lv e s  th e  use  o f  m o lecu la r  
o r b i t a l  c a l c u l a t i o n s .  Koopman's approx im ation  e q u a te s  th e  n e g a t iv e  of 
the  m o lecu la r  o r b i t a l  energy w ith  th e  m o lecu lar  i o n i z a t i o n  p o t e n t i a l s . 3 6 *37 
This  ap p rox im a tion  does not tak e  in to  account g e o m e tr ic a l  r e o r g a n iz a t io n  
upon i o n i z a t i o n ,  nor does i t  a l low  a l t e r a t i o n  o f  the  wave f u n c t io n s  de­
s c r ib in g  th e  rem aining  e l e c t r o n s . 37 Thus, th e  c a l c u l a t e d  io n i z a t i o n
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p o t e n t i a l s  in  th e  CNDO/2 c a se  a r e  about fo u r  e l e c t r o n  v o l t s  h ig h e r  
th a n  ex p e r im en ta l  o n e s .3 7 .
F i n a l l y ,  i t  i s  common p r a c t i c e  to  compare th e  pes bands o f  a 
sample m olecule  w ith  th e  p re v io u s ly  a ss ig n e d  spectrum  o f  an i s o e l e c t r o n i c  
o r  s im i l a r  m o lecu le . The ass ignm ent methods d is c u s s e d  in  t h i s  s e c t io n  
a l l  s u f f e r  some in a c c u r a c ie s .  A p p l ic a t io n  o f  th e  a p p r o p r ia t e  te c h n iq u e s ,  
however, should  lead  to  c o r r e c t  a ss ig n m en ts .
R e s u l ts  and D iscu ss io n
I o n iz a t io n  P o t e n t i a l s
T ab le  XI p re s e n ts  th e  fo u r  most e n e r g e t i c  occup ied  m o lecu lar  
o r b i t a l s  and th e  o r b i t a l  e n e r g ie s  produced by bo th  CNDO/2 and CNDO/S 
c a l c u l a t i o n s  f o r  compounds I ,  V, VI, XXIX, XXII, and IX. In each c a s e ,
r v  r u  r s r v  r s / v V w i  a / v  *
th e  occupied  m o lecu la r  o r b i t a l  w ith  the  h ig h e s t  energy  i s  p r e d ic te d  to  
be a  Tt o r b i t a l  t h a t  i s  denoted  TTi  and i s  e s s e n t i a l l y  lo c a l i z e d  on the  
n i t r o s o  group. The o r b i t a l  i s  q u i t e  s i m i l a r  to  the  most e n e r g e t ic  oc­
cup ied  TT o r b i t a l  o f  a l l y l  an io n  and has  Large e l e c t r o n  d e n s i ty  on the  
oxygen and the  am in o -n i t ro g en .  There i s  p r a c t i c a l l y  a  node on the  
n i t r o g e n  bound to  oxygen. In each c a s e ,  excep t t h a t  o f  XXJ&> t 1̂e next 
most e n e r g e t i c  occupied  o r b i t a l  i s  p r e d ic te d  to  be an in -p la n e  o r b i t a l  
which has m ajor e l e c t r o n  d e n s i t y  on th e  oxygen atom and some d e lo c a l i z a ­
t i o n  onto  bo th  n i t r o g e n s .  Th is  o r b i t a l  has been d e s ig n a te d  to  be an n 
o r b i t a l  because most o f  i t s  e l e c t r o n  d e n s i ty  i s  on th e  oxygen atom.
Both o f  th e se  occupied o r b i t a l s  become more e n e r g e t i c  and con seq u en tly  
l e s s  s t a b l e  as th e  a lk y l  groups a t ta c h e d  to  N become more complex.
The e n e r g e t ic  o rd e r  o f  th e  rem ain ing  occup ied  o r b i t a l s  v a r ie s  









( p la n a r





O r b i t a l
CNDO/2
C a lc 'd
(-3 .0 eV )
CNDO/S 
C a lc 'd  
( - 2 .OeV)
Observed
(eV)
Ttx 8 .9 9 9-21 9 .09
n 10 .23 10.35 9 .6 9
tt2 15-39 13.5^ 1 1 .5^
a 13-48 12.84 12.90
TTi 8 .6 9 8 .9 3 8 .76
n 9 .9 2 10.21 9-39
tt2 13.81 12.53 11.61
a 12 . 3^ 11.15 12.30
TTx 8 .2 9 8 .60 8 .5 8
n 9 .65 9-85 9 .1 8
rr2 13 .7^ 12.30
c 11.65 11.11 11.60
TT 8 .2 4 7 .5 9 9 .01
TT0 8 .1 9
n 10 .03 10.05 9*66
%2 11.28 10 .22 IO .76
a 11.30 10.60 11.50
8 .4 0 8 .7O 8 . 7 2
n 9 .6 2 10.01 9 .15
H 2 11.32 10.42 10.97
0 IO .72 10.32 11.37
8 .2 0 8 .57 8 .6 3
n 9.07(NN0) 8 .98 (C=0 ) 9 .29
n 9*55(c=o) 9 .4 o (nno) 9 .4 9
a 10.94 IO .57 10.80
r e l a t i v e  and a b s o lu te  v a lu e s .  In  th e  ca se s  i f  th e  n i t ro sa m in e s  I ,  V,
* * *  rv»
V I, and XXII, th e  c a l c u l a t i o n s  i n d ic a te  t h a t  th e r e  a re  one o r  two a 
o r b i t a l s  a t  lower energy than  t h a t  o f  th e  n o r b i t a l .  Only th e  more 
e n e r g e t i c  a i s  g iv en  in  Table  XI. A n i t r o s o  TT o r b i t a l ,  TT2 , o ccu rs  a t  
low er energy  th a n  does th e  f i r s t  a  o r b i t a l  in  th e  c a s e s  o f  I ,  V, VI,
r v r  rv  rsrv *
and X££][* The TT2 o r b i t a l  has m ajor e l e c t r o n  d e n s i ty  on th e  n i t r o g e n  
and th e  oxygen o f  th e  n i t r o s o  g ro u p , bu t does no t have  a node on the  
n i t ro so a m in o  group . In  th e  case  o f  IX, which c o n ta in s  a ca rb o n y l g roup , 
th e  CNDO/2 and CNDO/S methods y i e l d  o p p o s i te  o rd e rs  f o r  th e  e n e r g ie s  o f  
t h e  two n o r b i t a l s  below th e  most e n e r g e t i c  occupied  o r b i t a l ;  th e  CNDO/2 
c a l c u l a t i o n  p la c e s  th e  NNO n o r b i t a l  a t  h ig h e r  e n e rg y , b u t  th e  CNDO/S 
c a l c u l a t i o n  p la c e s  th e  CO n o r b i t a l  a t  h ig h e r  energy .
The o rd e r in g  o f the  occupied  o r b i t a l s  o f  m e th y lp h e n y ln i t ro s -  
amine (XXIX^ depends upon bo th  th e  confo rm ation  chosen  and th e  c a l c u l a -  
t i o n a l  method u s e d . .  The r e s u l t s  o f  the  CNDO/2 and CNDO/S c a l c u l a t i o n s  
on two r e p r e s e n t a t i v e  conform ations  a re  shown in  Table  X II.
The CNDO/2 method p r e d i c t s  th e  two most e n e r g e t i c  m o lecu la r  
o r b i t a l s  to  be the  n i t r o s o  Tt o r b i t a l ,  TTi , and th e  n i t r o s o  n o r b i t a l .
The e n e r g e t i c  o rd e r  o f  th e s e  two o r b i t a l s  does not change upon t w i s t i n g  
th e  phenyl group o r  r o t a t i n g  th e  m ethyl hydrogens. However, the  phenyl 
l o c a l i z e d  TT o r b i t a l ,  TT̂ , becomes l e s s  e n e r g e t ic  i n  th e  tw is te d  models 
th an  in  the  p la n a r  model.
The CNDO/S method p r e d i c t s  the  most e n e r g e t i c  occupied o r b i t a l  
o f  th e  p la n a r  form to  be th e  n i t r o s o  TT o r b i t a l ,  TTi. However, in  con­
t r a s t  t o  th e  CNDO/2 method, the  n ex t most e n e r g e t i c  occupied  o r b i t a l  
i s  p r e d ic te d  to  be Tf .̂ The two rem ain ing  o r b i t a l s  to  l i e  above th e  
most e n e r g e t i c  occupied  o r b i t a l s  a r e  th e  n i t r o s o  n o r b i t a l  and a TT
T a b l e  x i i











Energy(eV) O rb i ta l
-11.24 -1 1 .2 6 7T|
-1 3 .0 3 n NN0 -1 3 .0 3 n NN0
- 14.28 - 1 4 . 2 6 CT
-1 4 .3 0 CT - 1 4 . 2 9
-14 .62 CT - 1 4 . 6 0 CT









Energy(eV) O r b i t a l E n e rg y  (eV) O rb i ta l
- 9 . 5 9 7T| - 9  5 8
-10.1 9 - 1 0 . 2 0
- 1 2 . 0 5
V
n NN0 - 1 2 . 0 2
i
^ m i x e d
- 1 2 . 2 2 ^ m i x e d - 1 2 . 2 9 n NNO
- 1 2 . 6 0 or - 1 2 . 6 7 O’
-13 .  12 or -1 3 .  16 or
o r b i t a l  which i s  d e lo c a l iz e d  over th e  e n t i r e  m o lecu le ,  TT . Whenmixed
th e  phenyl group i s  tw is te d  o u t  o f  th e  p la n e  th e  two most e n e r g e t ic  
occup ied  o r b i t a l s  r e t a i n  th e  same o rd e r in g .  The TTm^xe(j o r b i t a l ,  how­
e v e r ,  becomes more e n e r g e t i c  th an  th e  n i t r o s o  n o r b i t a l .  The CNDO/2
1
c a l c u l a t i o n  i n d i c a t e s  t h a t  t h i s  TTm£xec| o r b i t a l  i s  a t  lower energy than  
e i t h e r  o f  th e  two a  o r b i t a l s .
Charge D e n s i t i e s .  Bond O rd e rs .  D ipo le  Moments
These CNDO/2 and CNDO/S c a l c u l a t i o n s  a l s o  produced charge  
d e n s i t i e s ,  bond o r d e r s ,  and , in  the  case  o f  th e  CNDO/2 c a l c u l a t i o n s ,  
d ip o le  moments. Bond o rd e r s  have been d e f in e d  to  be th e  sq u a re  o f  the  
d e n s i t y  m a t r ix  elem ent f o r  th e  o u t - o f - p l a n e  p o r b i t a l s  on the  two atoms 
between which th e  bond i s  made.3H>39 S in ce  th e  phenyl and ca rb o n y l 
groups in  compounds XXIX and IX d id  no t a p p re c ia b ly  change th e  bond 
o rd e r s  and charge  d e n s i t i e s  f o r  the  n i t ro sa m in o  group o f th e  compounds 
in  Table  IV, on ly  th e  r e s u l t s  from th e  c a l c u l a t i o n s  o f  th e s e  q u a n t i t i e s  
f o r  th e  n i t ro sa m in o  group o f  compound 1̂  w i l l  be g iv en . Tab le  X III  p re ­
s e n ts  th e  TT bond o r d e r s ,  TT charge  d e n s i t i e s  ( r e l a t i v e  to  th e  fo rm al 
s t r u c t u r e  )N-N“0 ) , and o v e r a l l  charge  d e n s i t i e s  o f  d in ie th y ln i t ro sa m in e .  
Note th e  s i m i l a r i t y  between th e  CNDO/2 and CNDO/S r e s u l t s .  The N-0 TT 
bond o rd e r  i s  s l i g h t l y  l e s s  than  one , th e  N-N TT bond o rd e r  i s  abou t 0 . 2 ,  
and t h e  TT charge  d e n s i t i e s  g ive  two e l e c t r o n - d e f i c i e n t  n i t r o g e n s  and an 
e l e c t r o n - r i c h  oxygen. However, th e  o v e r a l l  charge  d e n s i t i e s  p r e d i c t  an 
a l t e r n a t i n g  d i s t r i b u t i o n  o f  charge  in  which th e  oxygen i s  e l e c t r o n e g a ­
t i v e ,  th e  n i t r o s o  n i t r o g e n  e l e c t r o p o s i t i v e ,  the  amino n i t r o g e n  e l e c t r o ­
n e g a t i v e ,  and th e  methyl carbons e l e c t r o p o s i t i v e .  Th is  p r e d ic te d  a l t e r -
T
n a t in g  charge  d i s t r i b u t i o n  f o r  p o la r  m o lecu les  has  been p o in te d  o u t by 
Pople  and B e v e r id g e . '11
T a b l e  xm
Bond O rders  an d  C harge  Densit ies  for Dimethylnitrosamine
H 7
C3 \ ' H8 / ° «
KJ Kl
H , s y  2. I Bond 77 Bond Order
H <  5 X H,
CNDO/2 CNDO/S
10 N - 0  0 . 7 7 3  0 .7 5 2
N-N 0 . 1 9 8  0 . 2 1 7
77 Charg e Densities
Atom CNOO/2 CNDO/S
N| + 0 .1 2 6 + 0 .133
n 2 + 0 .2 5 3 + 0 .2 0 2
0 4 -0 .3 1 2 - 0 . 3 3 5
Overall Charge Densitiei
Atom CNDO/2 CNDO/S
N. + 0 .154 + 0 .1 3 7
n 2 - 0 . 0 7 8 - 0 .  109
C3 + 0 . 0 9 4 + 0 .0 2 1
04 - 0 .2 3 8 - 0 .3 2 1
C5 + 0 .0 9 7 - 0 . 0 2 8
«6 - 0 .0 0 1 + 0 .0 3  9
Hr -0 .0 1 0 + 0 . 0 3 9
H8 - 0 .0 1 0 + 0 . 0 3 9
h9 - 0 .0 0 5 + 0 . 0 3 0
H|o - 0 . 0 0 2 + 0 . 0 4 8
H,| - 0 . 0 0 2 + 0 . 0 4 8
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The e x p e r im en ta l  d ip o le  moments o f  compounds ^  and XXIX a re  
3 .9 8  D and 3*62 D, r e s p e c t i v e l y . 40 The d ip o le  moments c a l c u l a t e d  f o r  
th e s e  compounds by means o f  th e  CNDO/2 method a re  2 .9 9  D &nd I  and 
2 .7 2  D f o r  XXIX and a r e  s m a l le r  th a n  th e  observed  v a lu e s .  However.r t/v w  9
th e  c a l c u l a t e d  v a lu e s  f a l l  In  th e  same o rd e r  as th e  observed  o n e s , and 
l i t t l e  s ig n i f i c a n c e  shou ld  be a t t r i b u t e d  to  th e  q u a n t i t a t i v e  r e s u l t s  
because  n e i t h e r  CNDO method i s  p a ra m e te r iz e d  to  g iv e  good d ip o le  moments. 
N e v e r th e le s s ,  th e  c a l c u l a t i o n s  may be u n d e re s t im a t in g  th e  charge  sepa­
r a t i o n  and c o n t r ib u t io n s  o f  c a n o n ic a l  forms such as  IA.
The TT bond o r d e r s  f o r  th e  p la n a r  CN20 p o r t i o n  o f  compound 
XXIX a r e  shown in  T ab le  XIV. Note t h a t  th e  N-C , TT bond o rd e r  i s  veryfsrvxvi 0  J
TABLE XIV
TT BOND ORDERS OF N - METHY L-N- NITROS OANILINE
Bond CNDO/2 CNDO/S
N-N 0 .1871  0 .2 0 U
N-0 0.7801j 0 .7616
N-C^ 0 .0 7 8 8  0 .0 5 7 ^
sm a l l ,  and thus  on ly  a sm all  amount o f  fo rm al c o n ju g a t io n  between th e  
phenyl group and th e  n i t ro sa m in o  group i s  p r e d i c t e d .  In  th e  c a se  of 
compound IX, th e  o v e r a l l  charge  d e n s i t y  (CNDO/2) o f  th e  ca rb o n y l oxygen 
and carbon  a r e  -0 .2 7 1  and +0.233» r e s p e c t i v e l y .  One i n t e r e s t i n g  r e s u l t  
in  th e  case  o f  compound IX i s  t h a t  C-3> th e  m ethylene carbon a  to  the  
c a rb o n y l ,  i s  p r e d ic te d  to  c a r ry  a s l i g h t  n e g a t iv e  charge  and i t s  a t ­
tached  hydrogens a r e  p re d ic te d  to  be s i g n i f i c a n t l y  e l e c t r o p o s i t i v e .
T h is  charge  r e s u l t s  from th e  re in fo rce m e n t  o f  the  n e g a t iv e  
charge  on C- 3 by the  a l t e r n a t i n g  churge d l s t r i b u t  Lons from both  the
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c a rb o n y l  oxygen and th e  n i t r o s o  oxygen. Because o f  th e  p re d ic te d  
e l e c t r o p o s i t i v e  c h a r a c t e r  and th e  expec ted  e n o l i z a b le  n a tu re  o f  th e se  
h y d ro g en s ,  easy  exchange w ith  d i l u t e  NaOD/D^O was a n t i c i p a t e d .  Indeed , 
b o th  o f  th e s e  hydrogens undergo rep lacem ent by deu ter ium  under m ild  
c o n d i t i o n s .
B a r r i e r s  to  R o ta t io n  and In v e r s io n
The CNDO/2 method was used to  c a l c u l a t e  th e  b a r r i e r  to  r o t a t i o n  
around th e  N-N bond and th e  b a r r i e r  to  in v e r s io n  o f  th e  n i t r o s o -g r o u p  o f  
d im e th y ln i t ro sa m in e .  Two t r a n s i t i o n  s t a t e s  were employed: ( a )  One was
a  90° r o t a t e d  form in  which th e  N-N-0 p lan e  i s  p e rp e n d ic u la r  to  th e  
C-N-N p la n e ;  t h i s  t r a n s i t i o n  s t a t e  i s  th e  one f o r  r o t a t i o n  about the  
N-N bond, (b) The o th e r  was a  N-N-0 l i n e a r  t r a n s i t i o n  s t a t e ;  t h i s  t r a n s ­
i t i o n  s t a t e  i s  th e  one f o r  in v e r s io n  a t  th e  n i t r o s o  n i t r o g e n .  In  each 
c ase  th e  approx im ate  b a r r i e r  was c a l c u l a t e d  to  be th e  d i f f e r e n c e  between 
th e  b in d in g  energy o f  th e  t r a n s i t i o n  s t a t e  and th e  b in d in g  energy  o f  the  
p la n a r  form. In  th e  case  o f  th e  r o t a t i o n a l  t r a n s i t i o n ,  N-0 and N-N 
d i s t a n c e s  and th e  NNO an g le  were energy-m in im ized . For t h i s  co n fo rm a tio n , 
bo th  NNC a n g le s  were assumed to  be 120°, and a l l  C-H bond le n g th s  were 
tak en  to  be 1.10 S . The energy-m inim ized  param ete rs  c a l c u l a t e d  were:
N-0 d i s t a n c e ,  1 .18 ft; N-N d i s t a n c e ,  l . $ k  ft; and NNO a n g le ,  I I 50 . Note 
(se e  T able  v) t h a t  th e  N-0 d i s t a n c e  i s  p r e d ic te d  to  be s h o r t e r  and the  
N-N d i s t a n c e  to  be longer  th an  t h e i r  c o r re sp o n d in g  v a lu e s  in  th e  p la n a r  
form. These f a c t s  a re  c o n s i s t e n t  w ith  th e  id ea  t h a t  r o t a t i o n  d e s t ro y s  
th e  N-N p a r t i a l  TT bond. In  th e  case  o f  th e  l i n e a r  t r a n s i t i o n  s t a t e ,  the  
same assum ptions  concern ing  th e  NNC an g le  and th e  C-H d i s t a n c e s  were 
made. The N-N and N-0 d i s t a n c e s  were energy-m in im ized , and the  r e s u l t a n t
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v a lu e s  were 1.29 & and 1 .16  R, r e s p e c t i v e l y .  Note ( s e e  Table V) t h a t  
b o th  o f  th e s e  d i s t a n c e s  a re  s h o r t e r  than  th e  co rre sp o n d in g  d i s t a n c e s  in  
th e  p la n a r  form. The c a l c u l a t e d  energy b a r r i e r s  to  r o t a t i o n  and in v e r ­
s io n  a r e  18 .2  k ca l /m o le  and 73»3 k c a l /m o le ,  r e s p e c t i v e l y .
P h o to e le c t ro n  Spec troscopy
The p h o to e le c t r o n  s p e c t r a  o f  I ,  V. V I, XXIX, XXII, and IX a re  
shown in  F ig u re s  19 and 20. The shapes o f  th e  bands i n  the  s p e c t r a  o f  
th e  s e r i e s  a re  s i m i l a r ;  th e  f i r s t  band i s  a b ro a d ,  low i n t e n s i t y  band, 
bu t th e  second band i s  much s h a rp e r  and more in t e n s e .  Table  XI l i s t s  
th e  observed  and p r e d ic te d  i o n i z a t i o n  p o t e n t i a l s  and in c lu d e s  th e  mole­
c u l a r  o r b i t a l  ass ignm ent o f  each i o n iz a t i o n  p o t e n t i a l .
The ass ignm ent o f  m o lecu la r  o r b i t a l s  to  c e r t a i n  i o n i z a t io n  
p o t e n t i a l s  i s  based on th e  CNDO/2 and CNDO/S p r e d i c t io n s  and a l s o  on 
th e  ass ignm ent o f  m o lecu la r  o r b i t a l s  in  d im ethylform am ide XXXXII.'12
< W V W W
This compound i s  n o t  on ly  i s o e l e c t r o n i c  w i th  d im e th y ln i t ro sa m in e ,  but 
i t  a l s o  e x h i b i t s  h in d e re d  r o t a t i o n  around th e  C-N p a r t i a l  double  bond. 
T hus, i t s  e l e c t r o n  d i s t r i b u t i o n  should be s i m i l a r  to  t h a t  of d im e th y l­
n i t ro sa m in e  ( - »  IA) .
C H
'3
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E L E C T R O N  V O L T S
F ig u r e  20. P h o to e le c t ro n  g p e c t r a  o f  two N -n i tro sam in es
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In  dimethylformamide th e  occup ied  o r b i t a l  t h a t  has th e  h ig h e s t  
energy  i s  a  TT o r b i t a l  and has an i o n i z a t i o n  p o t e n t i a l  o f  9 .2 5  eV. The 
n ex t most e n e r g e t i c  occupied o r b i t a l  i s  an n o r b i t a l  t h a t  has  an io n iz a ­
t i o n  p o t e n t i a l  of 9*77 eV. The co rre sp o n d in g  bands i n  th e  p h o to e le c t ro n  
spectrum  o f  dime th y ln i t ro sa m in e  (£ )  o c cu r  a t  9 .O9 eV and 9 .6 9  eV, r e ­
s p e c t i v e l y .  F u r t h e r ,  th e  s e p a r a t io n s  betw een th e  two bands a r e  in  good 
ag reem ent; th e  v a lu e  i s  O.52  eV in  th e  c a se  o f  d im ethy lform am ide, and 
0 .6 0  eV in  t h a t  o f  d im e th y ln i t ro sa m in e .
The r e s u l t s  o f  the  CNDO/2 and CNDO/S c a l c u l a t i o n s  compare 
ve ry  w e l l  w i th  the  observed io n i z a t i o n  p o t e n t i a l s  when t h e i r  v a lu es  a re  
reduced  by 3*0 eV and 2 .0  eV, r e s p e c t i v e l y . 37  The c a l c u l a t i o n s  d i s p la y  
th e  same t r e n d  in  o r b i t a l  s t a b i l i t y  as t h a t  o bserved  e x p e r im e n ta l ly .
That i s ,  as  th e  01 s u b s t i t u e n t s  become more com plex, Me <  Et <  jL-Pr, th e  
TT and n o r b i t a l s  become more e n e r g e t i c .
In  th e  case  o f  m e th y lp h en y ln itro sam in e  (XXIX) th e  CNDO/S c a l ­
c u l a t i o n s  p r e d ic t e d  two IT o r b i t a l s  very  c lo s e  in  energy  to  be th e  two 
most e n e r g e t i c  occupied  o r b i t a l s .  A n a ly s is  o f  th e  pes spectrum  shows 
t h a t  th e  f i r s t  broad  band which has  been a s s ig n e d  to  th e  TTi o r b i t a l  i s ,  
a t  h a l f - h e i g h t ,  tw ice  as broad as the  TTa band f o r  any o f  th e  o th e r  N- 
n i t r o s a m in e s . The n band has ap p ro x im a te ly  th e  same w id th  a t  h a l f - h e i g h t  
as th o se  o f  th e  o th e r  n i t r o s a m in e s . Th is  b re a d th  i n d i c a t e s  t h a t  th e  two 
bands p r e d i c t e d  by th e  c a l c u l a t i o n s  to  o r i g i n a t e  from two TT o r b i t a l s  may 
appear a s  one broad band in  the  observed  spec trum .
The two l im i t i n g  resonance  forms f o r  d im e th y ln i t ro sa m in e  ( £  
and IA) were shown on page 2. Resonance form IA a c c o u n ts  n ic e ly  f o r  th e  
N-N p a r t i a l  double  bond c h a r a c t e r ,  and i t  i n d i c a t e s  a p o s i t i v e  charge  
on th e .am in o  n i t r o g e n  and a n e g a t iv e  charge  on th e  oxygen. The TT
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ch a rg e  d e n s i t i e s  c a l c u l a t e d  by bo th  CNDO/2 and CNDO/S methods t h a t  a re  
shown in  T ab le  X II I  ag ree  w ith  t h i s  p i c t u r e .  However, th e  o v e r a l l  
ch arg e  d e n s i t i e s  c a lc u la te d  by bo th  methods p r e d i c t  t h a t  th e  amino 
n i t r o g e n  i s  s l i g h t l y  n e g a t iv e ,  th e  n i t r o s o  n i t r o g e n  s l i g h t l y  p o s i t i v e ,  
and th e  oxygen very  n e g a t iv e .  These r e s u l t s  p o in t  o u t t h a t  (a )  r e s o ­
nance form IA i s  l im i t e d  to  r e p r e s e n t a t i o n  o f  th e  charge  d i s t r i b u t i o n  
i n  th e  TT system  and (b )  t h a t  th e  a  system  r e a d j u s t s  th e  e l e c t r o n  d i s ­
t r i b u t i o n  o f  th e  n i t r o s o  group l a r g e l y  by removing e l e c t r o n  d e n s i ty  
from th e  a  c a rb o n s .
Summary
The pes s p e c t r a  and bo th  c a l c u l a t i o n  methods in d i c a t e  t h a t  
th e  TT m o le c u la r  o r b i t a l  i s  h ig h e r  in  energy  than  th e  n m o lecu la r  o r b i t a l  
in  a l l  th e  N -n itro sam in es  s tu d ie d .  As th e  s u b s t i t u e n t s  on th e  a  carbons 
o f  th e  s im ple  d ia lk y ln i t r o s a m in e s  I ,  V, and VI become more complex, bo th  
TT and n o r b i t a l s  become more e n e r g e t i c .  Both CNDO/2 and CNDO/S c a lc u ­
l a t i o n s  show t h i s  same t r e n d .
The charge  d e n s i t i e s  o b ta in e d  from the  CNDO/2 and CNDO/S 
c a l c u l a t i o n s  r e q u i r e  a c l a r i f i c a t i o n  o f  th e  i n t e r p r e t a t i o n  of th e  s t a n ­
dard. re so n an ce  form t h a t  i s  u s u a l ly  drawn f o r  N -n i tro sa m in e s .  Note t h a t  
th e  TT ch arg e  d e n s i t i e s  in  T ab le  X I I I  i n d i c a t e  an e l e c t r o n e g a t iv e  oxygen 
and two e l e c t r o p o s i t i v e  n i t r o g e n s ;  th e  a m in o -n itro g en  i s  th e  more 
e l e c t r o p o s i t i v e .  However, th e  o v e r a l l  charge  d e n s i t i e s  o b ta in e d  by 
means o f  th e  c a l c u l a t i o n s  show an e l e c t r o n e g a t iv e  oxygen, an e l e c t r o ­
p o s i t i v e  n i t r o s o - n i t r o g e n ,  and a s l i g h t l y  e l e c t r o n e g a t iv e  am in o -n l t ro g en .  
These ch arg e  d e n s i t i e s  p r e s e n t  a p e rp le x in g  problem in  th e  i n t e r p r e t a t i o n  
o f  th e  s i g n i f i c a n c e  o f  th e  resonance  form. A f u l l  double  bond between
th e  two n i t r o g e n s  would r e q u i r e  a p o s i t i v e  ch a rg e  on th e  amino n i t r o g e n .  
A p a r t i a l  double  bond between th e  two n i t r o g e n s  would in v o lv e  th e  r e d i s ­
t r i b u t i o n  o f  th e  lone  p a i r  o f  e l e c t r o n s  on th e  a m in o -n i t ro g e n  toward 
th e  n i t r o s o - n i t r o g e n ,  and a d e f ic ie n c y  o f  e l e c t r o n  d e n s i t y  on th e  amino- 
n i t r o g e n  would th en  o c cu r .  Thus, th e  s ta n d a rd  re so n an ce  form would 
appea r  to  be s a t i s f a c t o r y .  However, th e  m o le c u le 's  ct e l e c t r o n s  may 
r e d i s t r i b u t e  them selves  and indeed th e  e l e c t r o p o s i t i v e  c h a r a c t e r  o f  
th e  a  carbon  atoms in d ic a te  th a t  t h i s  r e d i s t r i b u t i o n  has  ta k en  p la c e .  
T h e re fo re ,  th e  s ta n d a rd  resonance  form shou ld  be c l a s s i f i e d  as th e  
l i m i t i n g  c a se  f o r  th e  TT e l e c t r o n  system .
The c a l c u l a t e d  energy b a r r i e r ,  18 .2  k c a l /m o l ,  f o r  r o t a t i o n  
around th e  N-N p a r t i a l  double bond ag re e s  w e l l  w ith  th e  e x p e r im e n ta l ly  
de term ined  b a r r i e r ,  E. = 2} k c a l /m o l .  Because th e  c a l c u l a t e d  b a r r i e r  
f o r  in v e r s io n  o f  th e  n i t r o s o - n i t r o g e n ,  73*3 k c a l /m o l ,  i s  about fo u r  
tim es l a r g e r  th an  the  c a l c u l a t e d  b a r r i e r  f o r  r o t a t i o n ,  th e  in v e r s io n  
p ro cess  f o r  making the  two m ethyl groups o f  d im e th y ln i t ro sa m in e  eq u iv a ­
l e n t  may be ru le d  o u t .
T h is  work dem onstra tes  th e  s u c c e s s f u l  a p p l i c a t i o n  o f  CNDO/S 
and CNDO/2 c a l c u l a t i o n a l  methods fo r  p r e d i c t i n g  p h y s ic a l  and s t r u c t u r a l  
p r o p e r t i e s  o f  N -n itro sam in es .
PART I I I
EXPERIMENTAL DETAILS AND DATA 
FOREWORD
P a r t  I I I  o f  t h i s  D i s s e r t a t i o n  in c lu d e s  th e  ex p e r im en ta l  de­
t a i l s  o f  th e  p re p a ra t io n  o f  th e  b i -  and t r i c y c l i c  N -n i t ro sa m in e s ,  th e  
ta b le s  o f  d a ta  f o r  th e  e u ro p iu m (I I I )  s h i f t  r e a g e n t  s tu d ie s  o f  th e  
s e r i e s  o f  N -n i t ro sa m in e s ,  mass s p e c t r a l  d a ta  o f  same o f  th e  compounds 
sy n th e s iz e d  i n  t h i s  work, a t a b l e  o f  s t r u c t u r e s  and key numbers o f  th e  
compounds in v e s t i g a t e d ,  and th e  nmr s p e c t r a  o f  th e  compounds p re p a re d ,  




A l l  anhydrous s o lv e n t s  were d r ie d  over l i th iu m  aluminum hy­
d r id e  o r  V i t r i d e , 42 d i s t i l l e d ,  and s to re d  over m o lecu lar  s ie v e s  in  a 
n i t r o g e n  a tm osphere . B o i l in g  p o in ts  and m e l t in g  p o in t s  a r e  u n c o r re c te d .  
I n f r a r e d  s p e c t r a  were o b ta in e d  by means o f - a  P erk in -E lm er In f r a c o rd  
Model 137 sp ec tro p h o to m e te r .  The samples were p rep a red  as n e a t  f i lm s  
o r  as  s o l i d  s o lu t io n s  in  anhydrous po tassium  bromide p e l l e t s .  Nmr 
s p e c t r a  were o b ta in e d  by means o f  a Varian A-60A o r  a  V arian  HA-100 
s p e c t ro m e te r ;  David LaTour a s s i s t e d  in  o b ta in in g  th e  100 MHz s p e c t r a .  
A l l  nmr chem ica l s h i f t s  a r e  exp ressed  in  p a r t s  p e r  m i l l i o n  dow nfie ld  
from i n t e r n a l  t e t r a m e t h y l s i l a n e .  U l t r a v i o l e t  s p e c t r a  were o b ta in e d  by 
u s in g  a Cary Model 14 sp ec tro p h o to m e te r .  A l l  mass s p e c t r a l  d a ta  were 
o b ta in e d  by means o f  a H i ta c h i  Perk in-E lm er Model RMS-4 s p e c tro m e te r  
w ith  th e  a s s i s t a n c e  o f  P a u la  Boyd. M ic ro a n a ly t ic a l  d a ta  were o b ta in e d  
in  th e s e  l a b o r a t o r i e s  by Ralph Seab and from G a lb ra i th  L a b o r a to r i e s ,  In c .
P r e p a r a t io n  o f  J j -N itro so d iiso p ro p y lam in e
To 9 nil o f  an i c e - c o ld  '^M-hydrochloric a c id  s o l u t i o n  were 
added 5*20 g (7«2 m l, 0 . 0 ‘j2  mol) o f  d i iso p ro p y la m in e .  The amine hydro­
c h lo r id e  s o lu t i o n  was added dropw ise to  4 .14 g (0 .0 6  mol) o f  sodium 
n i t r i t e  in  10 ml o f  w a te r  a t  room te m p e ra tu re .  The m ix tu re  was d i s ­
t i l l e d  r a p id ly  a t  a tm ospheric  p re s s u re  u n t i l  th e  w a te r  was removed.
The r e s id u e  was tak en  up in  h o t  pe tro leum  e t h e r ,  and th e  n i t ro sa m in e  
c r y s t a l l i z e d  on c o o l in g ;  mp s 46-47° ( l i t 1 4 6 ° ) ;  nmr (CCl..,) 6 4 .79 (m,
B7
88
1 ,  J  » 7 .0  Hz, syn CH) 4 .23  (m, 1, J  -  6 .5  Hz, a n t i  CH), 1 .42  ( d ,  6 ,
J  = 6 .5  Hz, a n t i  C(CH3 ) 2) ,  1 .08  (d ,  6 , J  = 7 .0  Hz, syn C(CH3 ) 2 ) .
P r e p a r a t io n  o f  J j-N itro sod im ethy lam ine
Dimethylamine (4 5 .1  g ,  6 6 .3  m l,  4 mol) was coo led  to  -JQ° in  
a  Dry Ic e /a c e to n e  b a th .  Then 8 5 .0  ml o f  c o n c e n t r a te d  h y d ro c h lo r ic  ac id  
was c a u t io u s ly  added dropw ise to  th e  c o ld  amine. The h y d ro c h lo r id e  
s o lu t i o n  was then  added dropw ise  to  an i c e - c o ld  aqueous s l u r r y  of 69 .0  g 
(1  mol) sodium n i t r i t e  in  40 ml o f  w a te r  o v e r  a p e r io d  o f  20 m in u te s .  
This s o lu t i o n  was a llow ed  to  warm to  room te m p e ra tu re  over 12 h o u rs .
The s o lu t i o n  was e x t r a c t e d  w i th  c h lo ro fo rm , d r ie d  (MgS04) ,  and concen­
t r a t e d  by means o f  d i s t i l l a t i o n  to  y i e l d  55 .7  g (75«5$) o f  N -n i t r o s o d i -  
m ethylam ine, bp I 520 ( l i t 2 bp 1 ^9 -I 5O0 ) ;  nmr (CCl4) 6 3 .7 6  ( s ,  3 ,  a n t i  
CH3 ) ,  2 .96  ( s ,  3 , syn CH3 ) .
P r e p a r a t io n  o f  JS .-M ethyl-H -N itrosoaniline
N -M eth y lan il in e  (53*6 g , 0 .5  mol) was d i s s o lv e d  in  80 ml o f  
e t h y l  e t h e r ,  p laced  in  a 300 ml th r e e - n e c k e d ,  round bottom f l a s k ,  coo led  
to  - 3 0 ° ,  and m a g n e t ic a l ly  s t i r r e d .  The f l a s k  was equipped w ith  a r e f l u x  
condenser and gas i n l e t  tu b e .  N i t r o s y l  c h lo r id e  (3 2 .7  g ,  29 .0  ml,
0 .5 4  mol) was condensed in  a c o ld  t r a p  a t  - 3O0 and added s low ly  to  the  
s t i r r e d  amine. Vacuum d i s t i l l a t i o n  y ie ld e d  th e  N -n i t r o s o  d e r i v a t i v e ,  
bp I I 5- H 60 (12 mm) [ l i t 1 bp JJ°  ( 0 .8  mm)]; nmr (CC14) 6 7 . 5O (e n v e lo p e ,  
5> Cgils), 3*38 ( s ,  3 , syn CH3 ) .
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The S y n th e s is  o f  j j - N i t r o s o - l ,3 ,3 - t r im e t h y l - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c t a n - 5 - o n e
P u r i f i c a t i o n  o f  P ip e r l te n o n e
The c ru d e  p ip e r l t e n o n e  (1 0 .0  g ) ,  o b ta in e d  as  a g i f t  from Dr.
» *,NI ■
J .  J .  Beereboom, P f i z e r  I n c . ,  was added to  a  s t i r r e d  s o l u t i o n  o f  16.5  g 
o f  sodium s u l f i t e  in  80 ml o f  w a te r  a t  8 0 -9 0 ° .  The r e a c t i o n  was moni­
to r e d  w ith  a  Beckman Zeromatic pH m ete r  d u r in g  th e  50-m inu te  dropwise 
a d d i t i o n  o f  p ip e r l t e n o n e .  The pH was k e p t  a t  8 .O-9 .O by s im ultaneous  
dropw ise a d d i t i o n  o f  a c e t i c  a c id  (ap p ro x . 7 m l) .  When th e  pH remained 
s t a b l e  o v e r  a p e r io d  o f  f i v e  m in u te s ,  th e  aqueous m ix tu re  was cooled  in  
i c e  t o  room te m p e ra tu re  and e x t r a c t e d  w ith  t h r e e  30-ml p o r t io n s  o f  e th y l  
e t h e r .  T h is  o rg a n ic  e x t r a c t  was d i s c a r d e d .  Then th e  pH o f  th e  aqueous 
m ix tu re  was a d ju s t e d  to  12 , and t h i s  s o l u t i o n  was e x t r a c t e d  w ith  fou r  
30-ml p o r t i o n s  o f  e th e r . .  The e t h e r a l  e x t r a c t  was d r ie d  (MgS04) ,  con­
c e n t r a t e d ,  and d i s t i l l e d ,  and gave 2 . ‘j l  g (25$) o f  p ip e r l t e n o n e :  bp
90-95°  (10 mm); [ l i t 43 bp 90-125° (10 mm)]; i r  ( n e a t )  6 .0  p (C=o) and 
6 .2  p, (C=C); nmr (CCl4) 6 5.85  (m, 1 , C=CH-C=0), 2 . 83- I .65  (broad m, 1*, 
CH2CH2 ) ,  2 .0 8  ( s ,  3 , CHb), 1 .92  ( s ,  5 , CH3 ) ,  I .85  ( a ,  3 ,  CH;,).
1 , 3 . 3 -T rim e th y 1 -2 -a z a b ic y c lo  f 2 . 2 . 2 ]oc t a n - 5- one
To 27 ml o f  28 .7$  aqueous ammonia m a g n e t ic a l ly  s t i r r e d  and 
coo led  to  4° were added 1.1)0 g (9 .1  mmol) o f  p ip e r l t e n o n e .  The m ix tu re  . 
was s t i r r e d  a t  2 -k °  C fo r  120 h o u r s .  Sodium c h lo r id e  was added to  the  
aqueous m ix tu r e ,  and the  s a tu r a te d  s o l u t i o n  was e x t r a c t e d  w ith  e th y l  
e t h e r .  The e t h e r e a l  e x t r a c t  was t r e a t e d  w ith  I 5 ml o f  6 M h y d ro c h lo r ic  
a c i d ,  and th e  l a y e r s  were s e p a r a te d .  The a c id i c  s o l u t i o n  was made b a s ic
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(pH 11-12) and e x t r a c te d  w ith  two 20-ml p o r t i o n s  o f  e t h e r .  Th is  e t h e r e a l  
e x t r a c t  was d r i e d  (MgS04) ,  c o n c e n t r a te d ,  and d i s t i l l e d ,  and gave 394  mg 
(26$) o f  l , 3 ,3 - t r i m e t h y l - 2 - a z a b i c y c l o [ 2 .2 .2 ] o c t a n - 5 - o n e :  bp 8O-830
(0 .3  mm) [ l i t 19 bp 5O-520 (0 .0 1  mm)], i r  ( n e a t )  2 .5  p, (N-H); 5 . 8O p,
(C=0); 7 .25  P<, 7*30 p. (^em -d im ethy l) .
J j - N l t r o s o - l <3 . 3- t r i m e t h y l - 2- a z a b ic y c lo r 2 . 2 . 2 ] o c t a n - 5-one
To 257 .7  mg (1 .5 5  mmol) o f  l , 3 , 3 - t r i m e t h y l - 2 - a z a b i c y c l o [ 2 . 2 . 2 ] -  
o c t a n - 5-one  was added 0 .1 7  ml o f  c o n c e n t ra te d  h y d r o c h lo r ic  a c id .  Then 
w ith  a  s y r in g e  th e  amine h y d ro c h lo r id e  s o l u t i o n  was added dropw ise  to  a 
s t i r r e d  i c e - c o ld  s o lu t i o n  o f  139*7 mg (2 .0  mmol) o f  sodium n i t r i t e  in  
2 ml w a te r .  A f te r  s t i r r i n g  a t  0° f o r  0 .5  h o u r ,  th e  m ix tu re  was a llow ed 
t o  reach  room te m p e ra tu re  and was th en  h e a te d  to  4 5 -50°  f o r  two h o u rs .  
A f te r  th e  r e a c t i o n  m ix tu re  had c o o le d ,  i t  was e x t r a c t e d  w ith  two 3“ml  
p o r t io n s  o f  carbon  t e t r a c h l o r i d e .  The carbon  t e t r a c h l o r i d e  was removed 
in  v a cu o , and 114.3 mg o f  N -n itro sam in e  (38$) were o b ta in e d ;  mp 125*5“ 
I 2 6 . 50 ; nmr  (CCl4) 6 2 .4 6  (d d ,  1, J gem = 18 .5  Hz, J w = 1 .8  Hz, syn 
Hg C6C -  0 ) ,  2 .2 b  (d ,  1 , J gem = 18.5 Hz, a n t i  Ha = 0 ) ;  2 . I 3- I .65
(m, 4 , C7H2C8H2 ) ,  1 .71  (s> 3 ,  a n t i  C 1CHrt) .  1 .40  ( s ,  3 , endo syn C3CH3 ) ,  
1 .2 4  ( 8 , 3 , exo syn C3CH3 ) .  A nal. C alcd . f o r  C i0HieN2° 2 : c > 6 1 .2 ;
H, 8 . 2 ;  N, 14 . 3 . Found: C, 6 0 . 9 ; H, 8 . 3 ; N, 1 4 .5 .
The S y n th e s is  o f  ] j - N i t r o s o - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c ta n e
To a  m a g n e t ic a l ly  s t i r r e d  s o l u t i o n  o f  2 .4 2  g ( 2 .2  mmol) o f  2- 
a z a b i c y c l o [ 2 .2 . l ] o c t a n e  (o b ta in e d  from D r. F .  J .  V i l l a n i ,  S ch e r in g  
C orp .)  in  1 .8  ml o f  c o n c e n tra te d  h y d ro c h lo r ic  a c id  and 0 .9  ml w a ter  a t
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75“80°  was added dropw ise  a  s o l u t i o n  o f  1.79  g ( 2 .6  mmol) o f  sodium 
n i t r i t e  in  3 nil o f  w a te r .  The m ix tu re  was s t i r r e d  a t  75“80° f o r  3 h r s  
and th en  a llow ed  to  coo l to  room te m p e ra tu re .  The p roduc t was f i l t e r e d  
and a i r - d r i e d ;  I .78  g (62$ ) ;  mp I 3 8 . 5- I 4I . 50 ( l i t 44 mp 140-142°); nmr 
(CC14) 6 4 .8 2  (b road  m, 1 , a n t i  C1^ ) ,  3 .4 5  (d ,  2 ,  J  s 3 .0  Hz, syn 
C3CH2 ) ,  2 .3 4 -1 .5 0  (e n v e lo p e ,  9 ) .
The S y n th e s is  o f  H - N i t r o s o - 4 - a z a t r i c y c l o r 4 .5 .1 . l 3 >8 1undecane 
2 - Adamantanone
About 20 g o f  hydroxylam ine h y d ro c h lo r id e  were d is so lv e d  in  
120 ml o f  w a te r ;  80 ml o f  10$ sodium hydrox ide  s o lu t i o n  and 8 .0  g o f  
2 -adamantanone were then  added. Because the  ke tone  i s  in s o lu b le  in  
w a te r ,  j u s t  s u f f i c i e n t  e th a n o l  was added to  th e  m ix tu re  to  g ive  a c l e a r  
s o l u t i o n ;  JOO ml o f  h o t  e th a n o l  was r e q u i r e d .  The m ix tu re  was warmed 
on a  steam  b a th  f o r  IO - I5 m in u te s .  A f te r  100 ml o f  s o lv e n t  had been 
removed by d i s t i l l a t i o n , 20 the  r e a c t i o n  m ix tu re  was allow ed to  coo l to  
room te m p e ra tu re .  The p ro d u c t  c r y s t a l l i z e d  ou t o f  s o lu t i o n  as long 
w h ite  n e e d le s ,  mp 1 6 4 .5 -1 6 5 .5  ( l i t 21 mp 164—I 6 5 . 5° ) ;  y i e l d ,  7 .3  g (83$ ) .
4 - A z a t r i c y c l o r 4 . 3 . 1 . l 3 »8 1undecan-5-one
To a  100-ml 3“neck ,  round bottom f l a s k  equipped w ith  r e f lu x  
c o n d en se r ,  CaS04 d ry in g  tu b e ,  c o n s ta n t  a d d i t io n  d ropping  fu n n e l ,  mag­
n e t i c  s t i r r e r ,  and h e a t in g  m an tle  were added It.74 g (2 .8 7  mmol) of 2- 
adamantanone oxime and 20 ml o f  h y d r o c a r b o n - s t a b i l i z e d  ch lo ro fo rm . N ext, 
20 g o f  p o ly p h o sp h a te  e s t e r 45 (PPE, p rep a red  acco rd in g  to  the  p rocedure  
in  M. F i e s e r  and L. F i e s e r ,  Reagents f o r  O rganic  S y n th e s i s , Vol. 3 ) was
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added over a  p e r io d  o f  15” 30 m in u te s .  A v ig o ro u s  exotherm ic  r e a c t i o n  
took  p la c e  w i th o u t  added h e a t ;  th e  e v o lu t io n  o f  h e a t  was ev idenced  by 
th e  spontaneous r e f lu x in g  o f  th e  ch lo ro fo rm . A f te r  a d d i t io n  o f  th e  PPE 
was co m p le te ,  th e  r e a c t i o n  m ix tu re  was h e a te d  to  m a in ta in  r e f l u x  f o r  an 
a d d i t i o n a l  I 5 m in u te s .  The m ix tu re  was allow ed to  c o o l  to  room tem per­
a t u r e ,  33 ml  o f  w a te r  was added, and th e  two phase system  was s t i r r e d  
f o r  12 h o u rs .  The two la y e r s  were s e p a r a te d ,  and th e  ch lo ro fo rm  la y e r  
was washed w ith  two 20-ml p o r t i o n s  o f  10$ h y d ro c h lo r ic  a c i d ,  d r ie d  
(MgS04) ,  and c o n c e n t ra te d  _in vacuo to  y i e l d  2 .9  g (61$) o f  th e  4- 
a z a t r i c y c l o [ l | . 3 » l * l 3 , a ]un d ecan -5 -o n e ,  mp 299- 3OO0 ( l i t 21 mp 298- 3OO0 ) .
4 - A z a t r i c y c l o r 4 . 5 . 1 • 13 > 8 1undecane ( 4-Azahomoadamantane)
In  a  100-ml 3“ ne c k ,  round bottom  f l a s k  equipped  w ith  m agnetic  
s t i r r e r ,  r e f l u x  c o n d en se r ,  c o n s ta n t  a d d i t i o n  dropp ing  f u n n e l ,  and 
n i t r o g e n  i n l e t  were p laced  4 .0  ml o f  a s o lu t io n  o f  l i th iu m  aluminum 
h y d r id e  (LAH) in  e th y l  e th e r  (about 3 ,9  M in  LAH). To t h i s  m ix tu re  was 
added 25 ml o f  anhydrous t e t r a h y d r o f u r a n  (THF). A s o lu t i o n  o f  2 .0  g 
( 1.21  mmol) o f  4 - a z a t r i c y c l o [ 4 . 3 . 1 . 13 ^ " ju n d ecan -5-one  in  25 ml o f  
anhydrous THF was added dropw ise to  th e  s t i r r e d  LAH s o l u t i o n .  The mix­
t u r e  was r e f lu x e d  f o r  24 h o u r s ;  th e  ex cess  LAH was decomposed w ith  2 .0  
ml o f  10$ sodium hydrox ide  s o l u t i o n .  The p r e c i p i t a t e d  s a l t s  were r e ­
moved by f i l t r a t i o n ,  the  THF s o lu t i o n  was d r ie d  (MgS04) , and th e  anhy­
drous s o l u t i o n  was p la ce d  in  a 100-ml 3“ ne c k ,  round bottom  f l a s k  
equipped  w ith  m agnetic  s t i r r e r ,  CaS04 d ry in g  tu b e ,  therm om eter, gas 
i n l e t  tu b e ,  and an ic e  b a th .  Anhydrous hydrogen c h lo r id e  gas was bub­
b le d  i n t o  th e  co ld  s t i r r e d  THF s o l u t i o n .  A w h ite  p r e c i p i t a t e  formed 
im m edia te ly  and y ie ld e d ,  a f t e r  f i l t r a t i o n  and d ry ing  (P2O5 ) > 1 .26  g
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( 56$) o f  4-azahomoadamantane h y d ro c h lo r id e ,  mp >  300° ,  ( l i t 21 mp >  
3 0 0 ° ) ,  nmr (CDC13 ) 6 9*4-9*2 ( s ,  2 ,  NH2C1), 4 .O5- 3 .85  (b road  s ,  1, 
C3fflJ+H2C l ) ,  6 - 4 .3  (b road  s ,  2 , C ^ ^ R s C l ) , 2 .4 0 -1 .5 0  (en v e lo p e ,  13) .
H - N i t r o s o - 4 - a z a t r i c y c l o r 4 .2 . 1 . 13 »e 1undecane
In  a 15-ml one-neck  round bottom  f l a s k  were p la c e d  166.7  mg 
(2 .4 1  mmol) o f  sodium n i t r i t e  and one ml o f  w a te r .  The 4-azahomoadaman- 
t a n e  h y d ro c h lo r id e ,  400.3  mg (2 .1 4  mmol), was d is so lv e d  in  2 .0  ml of 
w a te r ;  5-6  drops o f  6 M h y d ro c h lo r ic  a c id  were added to  a id  d i s s o l u t i o n  
and to  make th e  s o l u t i o n  s l i g h t l y  more a c i d i c .  Then t h i s  s o lu t i o n  was
added dropw ise to  th e  m a g n e t ic a l ly  s t i r r e d  sodium n i t r i t e  s o l u t i o n .  A
r e f l u x  condenser was a t ta c h e d  to  th e  r e a c t io n  f l a s k ,  and th e  r e a c t i o n  
m ix tu re  was h e a te d  to  50-60° f o r  one h o u r .  A f l u f f y  w h ite  s o l id  p r e c i ­
p i t a t e d  from s o lu t i o n  and r e s u l t e d  in  y i e l d i n g ,  a f t e r  f i l t r a t i o n  and 
d ry in g  over p h o sp h o ric  an h y d rid e  j j i  vacuo , 25O mg ( 65$) o f  n i t ro sa m in e ;  
mp 2 1 4 -2 1 4 .5 ° ;  nmr (CDC13 ) 6 5-32 (m, 2 ,  syn and a n t i  C3CH), 4 .43 ( d >
2 ,  J  = 3 .8  Hz, a n t i  C5H2 ) , 3 .6 5  ( d ,  2 , J  « 3 .5  Hz, syn C5H2 ) , 2 .6 0 - 1 .35  
(e n v e lo p e ,  26 ) .
S y n th e s is  o f  j j - N i t r o s o - 7 - a z a b ic y c lo [ ^ .2 .2 ] d e c a n e  
8 - A z a b i c y c lo r 4 .2 .2 ld e c a - 2 ,4 ,9 - t r i e n - 7 - o n e 'iS
In to  a  100-ml 3-n e c k ,  round bottom f l a s k  equipped w ith  a mag­
n e t i c  s t i r r e r ,  a  c o n s ta n t  a d d i t i o n  dropp ing  f u n n e l ,  and a r e f l u x  con­
d e n se r  capped w ith  a  CaS04 d ry in g  tube  were p la c e d  5.2  g ( 5.0  mmol) o f  
c y c lo o c ta t e t r a e n e .  The s t i r r e d  hydrocarbon was h e a te d  to  50°, and
5 .7  g (lt .0  mmol) o f  c h lo r o s u l f o n y l  i s o c y a n a te •'7 was added dropw ise
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o v e r  1*5 m in u te s .  The tem p e ra tu re  o f  th e  r e a c t i o n  m ix tu re  was k e p t  a t  
50-55°* The r e a c t i o n  m ix tu re  was th en  warmed a t  5O0 f o r  a  t o t a l  o f
7 h r s .  Upon c o o l in g  to  room te m p e ra tu re ,  th e  da rk  m ix tu re  s o l i d i f i e d .
The m ix tu re  was d i s s o lv e d  i n  I 5- 2O ml o f  a c e to n e ,  and t h i s  
s o l u t i o n  was added dropw ise to  a m ix tu re  o f  20 ml o f  w a te r  and 10 ml o f  
ace to n e  w h ile  th e  pH was m a in ta in ed  a t  J  by c o n cu r ren t  d ropw ise  a d d i ­
t i o n  o f  4 M sodium hydrox ide  s o l u t i o n .  A pH m eter was used  to  m o n ito r  
th e  pH c l o s e l y .  The r e s u l t i n g  s o lu t io n  was e x t r a c te d  w ith  t h r e e  50-ml 
p o r t i o n s  o f  d ic h lo ro m e th a n e , d r ie d  (MgS04) ,  and c o n c e n t ra te d  i n  vacuo 
to  y i e l d  3 .6 1  g ( 1*9$) o f  8-a z a b ic y c lo [ l* .2 . 2 ]d e c a -2 ,l*,9 - t r i e n - 7-o n e ;
mp I 37- I 380 ( l i t 2315 mp 139- 11*0 ° ) .
8-A zabicyclofl* . 2 . 2 ld ecan -7 -o n e
In  a  P a r r  h y d ro g en a tio n  b o t t l e  were p laced  3*5 g (2 .3 6  mmol) 
o f  8- a z a b ic y c lo [ l* .2 . 2 ]d e c a -2 ,l*-9- t r i e n e - 7~one, I 50 ml o f  m e th an o l,  and 
0 .3 4  g o f  yfo p a l lad iu m -o n -ca rb o n  c a t a l y s t .  The m ix tu re  was shaken f o r
8 h r s  ( i n i t i a l  p r e s s u r e ,  1*0 p s ig )  d u r in g  which time r( . l h  mmol o f  
hydrogen was ta k en  up . The c a t a l y s t  was removed by f i l t r a t i o n ,  and 
th e  m ethanol was removed by means o f r o t a r y  e v a p o ra t io n  to  y i e l d  2 .8 6  g 
( 79$) ° f  8-a z a b ic y c lo [ l* .2 . 2 ]d e c an -7-o n e ;  mp 70- 71°  ( l i t 24 rap 73° )  •
7 -Azab icy  c lo  f 1*. 2 .2  Id ec ane
To a  3 _neck» 100-ml round bottom f l a s k  equipped w ith  m agnetic  
s t i r r e r ,  r e f l u x  co n d en se r ,  p re s s u re  e q u a l i z in g  c o n s ta n t  a d d i t i o n  d ro p ­
p ing  f u n n e l ,  and n i t r o g e n  i n l e t  were added 1*.0 ml o f  an e t h e r  s o lu t i o n  
o f  l i t h iu m  aluminum h y d r id e  (LAH, about 3 .9  M, su p p l ie d  by F oo te  M inera l
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Company). Anhydrous t e t r a h y d r o f u r a n  (THF, 1*5 ml) was addfed to  th e  LAH 
s o l u t i o n .  A s o lu t i o n  o f  1.021* g (6 .T9 mmol) o f  8-a z a b ic y c lo [ l* .2 . 23- 
decan- 7-one in  5 ml o f  anhydrous THF was added dropw ise to  th e  s t i r r e d  
LAH s o lu t io n  over 30 m in u te s .  The r e a c t i o n  m ix tu re  was then  h ea ted  a t  
r e f l u x  f o r  2l* h r s .  Aqueous sodium h y d ro x id e  s o l u t i o n  (10$, 5 ml) was 
added to  th e  ic e -c o o le d  s o l u t i o n .  The in o rg a n ic  s o l i d s  were removed by 
f i l t r a t i o n ,  and th e  o rg an ic  l a y e r  was d r i e d  (MgS04) and c o n c e n t ra te d .
The l i g h t  ye llow  l iq u id  which rem ained was d i s s o lv e d  in  1*0 ml o f  e th y l  
e t h e r .  The e th e r  s o lu t io n  was p la c e d  in  a  100-ml 3 -n e c k ,  round bottom  
equipped w ith  magnetic s t i r r e r ,  gas i n l e t  tu b e ,  and CaS04 d ry in g  tu b e .  
The s o lu t i o n  was cooled  in  an i c e  b a t h ,  and anhydrous hydrogen c h lo r id e  
was bubbled in to  th e  s t i r r e d  s o l u t i o n .  The h y g ro sco p ic  w h ite  s o l i d  
which p r e c i p i t a t e d  was d r ie d  _in vacuo over p h o sp h o ric  anhydride  to  y ie ld  
1*1*3• T mg (58$) amine h y d ro c h lo r id e .  A n a l . C alcd .  f o r  CgHiyN:
C, 6 1 .5 ;  H, 10.1*. Found: C, 6 1 .5 ;  H, 1 0 .3 .
i j-N itro so -7 -azab icy c lo ri* .2 .2 ~ |d ecan e
In  a  5~ml s in g le  neck , round bottom  f l a s k ,  equipped w ith  mag­
n e t i c  s t i r r e r  were added 82 .0  mg ( 1.19  mmol) o f  sodium n i t r i t e  and a 
s o lu t io n  o f  100 mg o f  7- a z a b ic y c lo [ l* ,2 . 2 ]decane h y d ro c h lo r id e  in  1.0  ml 
o f  w a te r .  A r e f lu x  condenser was a t t a c h e d  t o  th e  f l a s k ,  and the  r e a c ­
t i o n  m ix tu re  was h ea ted  a t  5O-6O0 f o r  one hou r and th e n  s t i r r e d  o v e r ­
n ig h t  a t  room te m p e ra tu re .  The w h ite  s o l i d  t h a t  p r e c i p i t a t e d  was 
f i l t e r e d  and d r ie d  in  vacuo over p h osphoric  a n h y d r id e ;  y i e l d ,  7**«5 mg 
( 68$ ) ;  mp 168-1700 ; nmr (CC14) 6 5.1*0 (m, 2 ,  a n t i  (C6H)2 ) ,  1*.56 (m, 2 ,  
(C6!!)* ) ,  1*.1*6 (dd , 2 ,  J gem = I 3 .8  Hz, J v ic  = Ji.O Hz, a n t i  C6H2 ) ,
1*.09 (dd , 2 ,  J gem = I 3 .8  Hz, J v i c  = 1*.0 Hz, a n t i  CHH2 ) ; 3 .8 6  (d ,  2H,
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s^rn CH2 ) ;  3 .1 8  (dd , J ggm = I 5 .5  Hz, J v lc  = 6 .0  Hz, 2H, s^n CH2 ) ;
2 .7 0 -1 .0 0  (e n v e lo p e ,  52 , f o u r  c o n fo rm e rs ) .  A n a l . C alcd . f o r  C9Hi6N^0:
C, 6 4 .2 ;  H, 9 . 6 ; N, 1 6 .7 .  Found: C, 64.51 H, 9 . 6 ; N, 1 6 .5 .
P r e p a ra t io n  o f  l j [ . -N i t ro s o - l l - a z a b ic y c lo [4 .4 .1 ] u n d e c - l - e n e
l l - A z a b ic y c lo [ 4 .4 .1 ] u n d e c - l - e n e ,  which was prepared, by R. R.  
L i l i e n t h a l ,  a form er w orker in  th e s e  l a b o r a t o r i e s , 26 was p u r i f i e d  b e fo re  
use  by means o f  d i s t i l l a t i o n ;  bp 79~80°  (5  n®0 [ l i t 2 6 *48 bp 79“ 8 l °  (3  mm)]. 
To a one-neck  round bo ttom  f l a s k  equipped w ith  a  m agnetic  s t i r r e r
and coo led  i n  an ic e  b a th  were added J+21 mg (2 . I 3 mmol) o f  11-a z a b ic y c lo -  
[ 4 . 4 . l ] u n d e c - l - e n e .  To th e  s t i r r e d  i c e - c o ld  amine was added 0 .2  ml o f  
c o n c e n tra te d  h y d ro c h lo r ic  a c i d .  A f te r  f iv e  m in u te s ,  I 67 mg (2 .4 2  mmol) 
o f  sodium n i t r i t e  d i s s o lv e d  in  2 ml o f  d i s t i l l e d  w a ter  were added drop- 
w ise . A brown s o l i d  im m edia te ly  p r e c i p i t a t e d  from th e  s o l u t i o n ,  and, 
a f t e r  the  r e a c t i o n  m ix tu re  had warmed to  room te m p e ra tu re , 233 mg (61$) 
o f  c rude  n i t ro sa m in e  were i s o l a t e d .  The n i t ro sa m in e  was p u r i f i e d  by 
means o f  p r e p a r a t i v e  l a y e r  chrom atography on s i l i c a  g e l  w ith  2:1  
e y e lo h e x a n e :e th y l  a c e t a t e ;  mp 65- 67° ;  nmr (CCl4) 6 5.88  ( t ,  1 , J  = 6 .0  
Hz, a n t i  C ^ C ^ l ) , 5.73 ( t ,  1 , J  = 6 .0  Hz, s^n c a=C2H ), 5 . I 5 ( s h o u ld e r ,
1, syn CaH ) , 5 .02  (bin, 1 , a n t i  C6h) , 2 .9 0 -1 .0 0  (e n v e lo p e ,  2 8 ) .
Nmr S h i f t  Reagent S tu d ie s
In  t h i s  s tu d y ,  e u ro p iu m (I I I )  t r i s ( l , l , l , 2 , 2 , 3 , 3 - h e p t a f l u o r o -  
7 ,7 “d im e th y l - 4 ,6 - o c ta n e d io n e ) , Eu(fod3 , 4a was th e  s h i f t  r e a g e n t .  The 
Eu(fod )3 was d r ie d  f o r  a t  l e a s t  24 h r s .  in  vacuo over phosphoric  anhy­
d r id e .  Both carbon  t e t r a c h l o r i d e  and ( ^ J c h l o r o f o n n  were s to re d  in  
brown b o t t l e s  and d r i e d  over l.inde 4A m olecu lar  s i e v e s .
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In a typical study, the N-nitrosamine was weighed, dissolved 
in 0,3 ml of either carbon tetrachloride or (%) chloroform, and trans­
ferred to a clean, dry nmr tube. A solution of Eu(fod)3 in the same 
solvent that was used for dissolution of the N-nitrosamine was then ' 
prepared. After the spectrum for the uncomplexes N-nitrosamine had 
been recorded, incremental amounts of the shift reagent solution were 
introduced into the sample tube by means of a microliter syringe. The 
sample was mixed thoroughly by shaking the tube, and the spectrum was 
again recorded. The addition of the shift reagent and the recording 




SHIFT REAGENT STUDY - (CH3 )sNNO w ith  E u (fo d )3
E u (fo d )3a 
x lO"6 1







a n t i  CH3 
Hz
0 0 0 .000 178.5 226.5
5 5-2 0 . 12b 2 27 .2 253 .2
10 10 .4 O.253 269.5 276.1
15 15-7 0 .382 312.0 299.5
20 2 0 .9 O .5O9 354 .2 322.0
25 2 6 .1 O.636 394.0 343.5
30 31 .3 0 .763 437.0 367.0
35 . 3 6 .5 O .89O 474.0 386.5
40 . 41 .8 1.010 507 .O 405.0
a .  The c o n c e n t r a t i o n  o f  th e  E u ( fo d )3 s o lu t i o n  was 1 .044  M; s f i lven t CC14.
b . A ll  o f  th e  nmr s o lu t i o n s  c o n ta in e d  0 . 0 U  mmol o f  d im e th y ln i t ro sa m in e
d is s o lv e d  in  CC14 .
c .  A l l  o f  th e  nmr s p e c t r a  were ta k e n  on th e  V arian  A-60A sp e c tro m e te r
and th e  re so n an c es  a re  r e p o r te d  i n  Hz dow nfie ld  from i n t e r n a l  TMS.
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TABLE XVI
SHIFT REAGENT STUDY - (CH3CH2)2NN0 with Eu(fod)3
E u (fo d )3° 
x 1 0 -6 1







(Hz ) a 
a n t i
ch3 (Hz)
a n t i
0 0 0 .000 2 10 .2 248.0 63 .O 84.0
5 5-2 0 .101
10 1 0 .4  • 0 .2 0 2
15 1 5 .T 0 .3 0 4 340 .8 308.5 143.2 126.5
20 20 .9 0 .405 382.0 341.0 169.9 140.0
25 26 .1 0 .5 0 6 419.2 360.8 191.0 151*5
30 31 .3 0 .6 0 7 ' 454.0 380.0 212.2 I 6 3 .O
35 3 6 .5 0 .7 0 7 489.5 399.2 234.0 174.8
t o 4 1 .8 0 .810 522 .O 417.4 254.0 I 85 . I
47.0 0 .914 555-0 435.0 273.6 195.5
a .  S p e c t r a  were tak en  on th e  V arian  A-60A sp ec tro m e te r  and a re  reco rded  
in  Hz dow nfie ld  from i n t e r n a l  TMS.
b .  A l l  s p e c t r a  c o n ta in  O.O52 mmol o f  d ie th y ln i t r o s a m in e .
c .  The E u ( fo d )3 s o lu t i o n  i s  1 .Oh4 M; s o lv e n t  CDC13 .
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TABLE XVII






R a t io
Eu:NN0
s^n  (013)2  
Hzb




a n t i  CH 
Hz
0 .00 0.000 0.000 113.5 I 5I.O 1+81+. 5 1+2 0 .0
3 .86 0 .006 0.009 163.0 181.0 589.5 1+66 .0
1 3 0 6 0 .019 0.029 306 .0 268.0 879.5 595.0
22 . 1+8 0 .032 0.050 1+58.0 359.0 1186.0 730.0
3 k .0 k 0 .01+8 0.075 597.5 l+l+i+.O H+7^.0 858 .O
a .  The in d ic a te d  amounts were added to  each o f  fo u r  samples c o n ta in in g  
O .636  mmol o f  d i i s o p ro p y ln i t r o s a m in e  in  0.1+ ml o f  CC14.
b .  A l l  nmr s p e c t r a  were tak en  on th e  V arian  HA-100 s p e c t ro m e te r ,  and 
th e  resonances  a r e  r e p o r te d  in  Hz dow nfie ld  from i n t e r n a l  TMS.
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TABLE X V III
SHIFT REAGENT STUDY OF
N-NITROSO-1 ,3 ,3 - TRIMETHYL-2-AZABICYCLO[ 2 .2 .2 ]OCTAN-5-0NE
WITH E u (fo d )3
E u ( fo d )3C 
x 1 0 -6 1


















a n t i
Hz
0 .0 0 .0 0 0 . 0 0 0 0 8 5 .O 95-0 104.0 154.0 154.0
2 .0 1 .26 0 .0168 88.0 97-5 105.5 169.0 167-5
4 .0 2 .5 2 0.0262 9 5 .5 104.5 109.4 175-2 173.2




8 .0 5.01+ O.O525 108.9
10.0 6 .30 0.0655 116.2 123.2 120.2
li+.O 8 .82 0 .0918 132.6 190.0 I 86 .5
18.0 11.32 .0 .1052 137.5 142 .7 131.5 199.0 194.8
22.0 13*86 0.1441 146.8 I 5I .0 136.1 208.2 202.5
26 .0 I 6 .3 8 0.1700 156.9 160.1 141.6 217.0 2 IO.5
3 0 .0 18.90 0 .1968 166.9 I 6 9 .O 147.0 226.0 218.2
34 .0 2 1 .42 0 .2230 152.0 235.2 226.5
38 .0 2 3 .94 0 .2490 157.1 244.2 234.2
45.0 28 .35 0.2950 164.1 256.0 244.8
55-0 3 4 .63 O.36 IO 2 I 7 .O 214 .4 173.4 271.5 258.0
6 5 .O 40.95 0 .4206 234.5 230.0 182.2 288.0 272.0
a .  S p e c t r a  were tak en  on th e  Varian A-60A sp ec tro m e te r  and resonances
a r e  rec o rd ed  in  Herz dow nfield  from i n t e r n a l  TMS.
b .  A l l  nmr s o lu t i o n s  c o n ta in  O.O96 mmol o f  n i t ro sa m in e  in  CCl^.
c .  The E u (fo d )a s o lu t io n  was O.65 M.
d .  The p ro to n s  Hg and Ha a re  n o t  d i s t i n g u i s h a b le  in  th e  60 MHz spectrum ,
b u t  a r e  s e p a ra te d  in  the  100 MHz spec trum . These resonances  do sepa­
r a t e  in  th e  60 MHz spectrum  as th e  concent r a t i  on o f  Eu(fod) , in c re u se s .
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TABLE XIX
SHIFT REAGENT STUDY OF
N-NITROSO-2-AZABICYCIX)[2.2 .2 ]OCTANE WITH E u (fo d )3
E u(fod )3 
x 10’ 6 1









0 0 0.0000 290.0 211+.0
10 6 .7 0 . 021+1 293.0 221.0
20 13.1* 0 . 01+62 299.0 232.0
30 20.1 O.O693 301+.0 21+5.0
1+0 26 .8 0 . 0921+ 310.0 259.0
50 33 .5 O . U 55 317.0 273.0
70 I16.9 0.1619 330.0 300.0
90 60.3 0.2080 3 I+2 .5 328.0
a .  A ll  s p e c t r a  were tak en  on th e  V arian A-60A sp e c tro m e te r  and r e s o ­
nances a re  r e p o r te d  in  Hz dow nfie ld  from i n t e r n a l  IMS.
b .  A l l  nmr s o lu t i o n s  c o n ta in  0 .290  mmol o f  N -n i t r o s o - 2 -a z a b ic y c lo -
[ 2 .2 .2 ] o c ta n e  in  0 .3 0  ml CDC1M.
c .  The E u ( fo d ) ;j s o lu t i o n  i s  0 .0 7  M; s o lv e n t  CDC13 .
d . The change in  chem ical s h i f t  from the  o r i g i n a l  re so n an ce .
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TABLE XX
SHIFT REAGENT STUDY OF
N-NITROSO-4-AZATRICYCL0[4. 3 . 1 . 15 >8 ]UNDECANE
WITH E u (fo d )3
E u (fo d )3 
x 10"6 1











a n t i  C4H 
Hz
0 .0 0 .0 0 0 .000 364 .6 443.1 532.0
2 .0 1.22 0 .0 2 1 372 .8 447.1- 536.5
4 .0 2 .4 4 0 .043 3 86 .6 453.5 545.0
6 .0 3 .66 0 .0 6 4 402.1 4 b l .4 568.0 550.0
8 .0 4 .88 0 .0 8 6 416.1 467.4 581.0 558.0
10.0 6 .10 0 .1 0 7 433.5 475-9 6O5 .O 565 .O
14.0 8 . 5J1 0 .150 471.2 493.5 645.0 584.8
18.0 IO .98 O .I93 505.5 693 .6 602.5
22.0 13-42 O.235 554.4 532.9 737-5 621.2
a .  The E u (fo d )3 s o l u t i o n  i s  0 .0 1  M; I 89.29  mg (0 .1 8 2  mmol) o f  E u (fo d )3 
d i s so lv e d  In  0 .3 0  ml o f  CDCl3 .
b .  A l l  o f  th e  nmr s o lu t i o n s  c o n ta in  10 .25  mg (0 .0 5 7  mmol) o f  N- 
n i t ro sa m in e  (NN0) d i s s o lv e d  in  0 .3  ml CDC13 ; O . I 89 M.
c .  A l l  o f  th e  nmr s p e c t r a  were taken  on th e  V arian  HA-100 sp ec tro m e te r  
and th e  re so n an ces  a r e  r e p o r te d  in  Hz dow nfield  from i n t e r n a l  TMS.
TABLE XXI
SHIFT REAGENT STUDY OF
N-NITROSO-7 -AZABICYCLO[ 1+ .2 .2  ]DECANE
WITH E u (fo d )3
E u (fo d )3 
x 10"6 1
E u (fo d )3 
mmol x 10~3
Molar 





a n t i .  A
CH.
a n t i .  A
CH 
sy n .  A
ch2
sy n . B
CH2 
a n t i . B
0 .0 0 0 318.0 1(0 9 .0 50U.0 456.0 385 .5 446.0
2 .0 1.19 O.OO76 319.0 409.5 504.0 459.0 387 .5 446.0
lf.0 2 .39 O.OI52 325 .O 413.2 505.0 468.0 394 .8 450.2
6 .0 3 .5 8 0.0228 353.0 418.8 5IO .5 479.0 kok.o 455.5
8 .0 1*. 76 O.O3O5 341.0 423.5 516.0 490.0 413.2 460.5
10.0 5 .97 O.O38O 349.2 430.0 520.0 502.0 423.0 466.0
12.0 7 . ih 0.01*55 357.0 434.2 432.0 471.0
14.0 8 .36 O.O532 564.5 438.8 441.0 476.0
16.0 9-55 0 .0608 373.5 444.2 451.5 481.2
18.0 10.75 O.O685 38O.O 448.2 539.0 1(60.0 485.0
20 .0 11.94 0.0761 388.5 455-2 557.0 540.0 469 .8 490.0
22 .0 13.13 O.O836 397.0 458.2 5b8.0 544.0 479.8 495.0
21*.0 14.33 O.O9 I3 405.9 464.0 58O.O 550.0 490.0 500.5
a .  The E u ( fo d )rj s o lu t io n  c o n ta in ed  I 85.45  mg (0 .1 7 9  mmol) o f  E u ( fo d ) ;j 
d i s so lv e d  in  0 .5 0  ml o f CC1,,, 0 .597  M.
b . A l l  o f  the  nmr s o lu t io n s  co n ta in ed  l ib .55 mg (0 .1 5 7  mmol) o f  _N- 
n i tro 8 am in e  (NNO).
c .  A l l  o f  th e  nmr s p e c t r a  were taken  on th e  V arian  HA-100 sp e c tro m e te r  
and resonances  a r e  r e p o r te d  in  dow nfield  from i n t e r n a l  TMS.
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TABLE XXII
SHIFT REAGENT STUDY OF
N-NITROSO- ll-AZABICYCLOO. 4 .1  ]UNDEC- 1-ENE
WITH E u (fo d )3
E u (fo d )3 
x 10“ 6 l a







a n t i
Hz
0 .0 0 .0 0.0000 514.0 502.0
1 .5 0 .9 ^ 5 O.OOT1* 522 .O 5O5 .O
2 .5 1.575 0 .0117 530.0 506.0
5 .0 3 .1 5 0 .0233 545.0 510.0
10.0 6 .30 0 . 01+66 526.0
15.0 9 .4 5 0.0700 6I 5 .O 539.0
25 .0 15-75 0 .1169 680.0 565 .O
a .  The c o n c e n t r a t io n  o f  the  E u (fo d )3 was O.63  M; s o lv e n t  CDC13 .
b .  A l l  o f  th e  nmr s o lu t io n s  c o n ta in e d  2 k . $0 mg (O .I35 mmol) o f  N-
n i t ro s a m in e  (NNO) d i s s o lv e d  i n  0 .1 0  ml CDC13 ; m icro  nmr tube  u sed .
c .  A l l  o f  th e  s p e c t r a  were tak en  on th e  V arian  HA-100 s p e c t ro m e te r  and
th e  re so n an ces  a r e  re p o r te d  in  Hz dow nfie ld  from i n t e r n a l  TMS.
MASS SPECTRAL DATA FOR 







Mass spec trum  (70 eV) m/e ( r e l .  
i n t e n s i t y )  193 (36 ) , 17 9 (4 ) , 1-66(5), 
14 9 (1 9 ) ,  124( 15) ,  H 7 ( 9 5 ) ,  69 (89 ) ,  
5 5 (6 1 ) ,  43(100).
Mass spectrum  (70 eV) m/e ( r e l .  
i n t e n s i t y )  139( 2 3 ) ,  138( 4 ) ,  124 (21 ) , 
110(22 ) ,  9 6 (31 ) ,  82 ( 100) ,  68( 27) .
Mass spectrum  (70 eV) m/e  ( r e l .  
i n t e n s i t y )  168(40) , 151(23 ) ,  138(93 ) ,  
9 5 (2 5 ) ,  6 7 (3 8 ) ,  55(100), 41 (79 ) .
Mass spectrum  (70 eV) m/e  ( r e l .  
i n t e n s i t y )  1 40 (47 ) , 1 1 8 (8 ) ,  117( 100) ,  
11 0 (1 4 ) ,  7 4 (2 8 ) ,  44 (55 ) .
XXIV
Mass spectrum  (70 eV) m/e^ ( r e l .  
180( 12) ,  150( 100) ,  148(10) , 134(12), 
122( 30 ) ,  7 0 (3 1 ) ,  41 (4 8 ) .
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F ig u re  21. Nmr spectrum  o f  p ip e r i t e n o n e  (V I I ) , 60 MHz. The sample was d is s o lv e d  in  carbon  t e t r a c h l o r i d e .
112
F ig u re  22. Nrar spectrum  o f  1 ,3 ,3 - t r im e th y l-2 -a z a b ic y c lo [2 .2 .2 ]o c ta n -5 -o n e  (V I I I ) , 100 MHz.
The sam ple was d is so lv e d  in  d e u te r io c h lo ro fo rm .
PPM 151
F ig u re  2 3. Nmr spectrum  o f  2 -a z a b ic y c lo [2 .2 .2 ]o c ta n e  (X X l), 60 MHz. The sample was d is so lv e d
in  carbon  t e t r a c h l o r i d e .
114
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F ig u re  2k.  Nmr spectrum  o f  k - a z a t r i c y c l o [ l f . 3 . 1 . 1 “ , e ]undecane h y d ro c h lo r id e  ( X I I I ) , 60 MHz.
The sample was d i s s o lv e d  in  d e u te ro ch lo ro fo rm .
F ig u re  25 . Nmr spectrum  o f  7 -a z a b ic y c lo [4 .2 .2 ]d e c a n -8 - o n e  (X V III) ,  60 MHz. The sample was
d is s o lv e d  in  carbon  t e t r a c h l o r i 3 e /w v
F ig u re  26 . Nmr spectrum  o f  7 -a z a b ic y c lo [1 .2 .2 ]d e c a n e  (XIX), 100 MHz. The sample was
d is s o lv e d  in  d e u te r io c h lo ro fo rm
PPM 16)
F ig u re  27. Nmr spectrum  o f l l - a z a b ic y c lo [ l j . .^ .  l lu n d e c - l - e n e  ( X X I I I ) , 60 MHz. The sam ple was
d is so lv e d  in  carb o n  te t r a c h lo r ic J e ^ ^ ^
PPM (5)
F ig u re  28. Nmr spectrum  o f  d im e th y ln i t ro sa m in e  ( i ^ ,  60 MHz. The sample was d is so lv e d  in
carbon  t e t r a c h l o r i d e . vo
F ig u re  28a . Nmr s p e c t r a  o f  d im e th y ln i t ro sa m in e  s h i f t e d  w ith  E u (fo d )3 , 60 MHz. The sample was 
d i s s o lv e d  in  CC14 . The numbers on th e  s p e c t r a  i n d i c a t e  th e  volume (|j,l) o f  E u ( fo d )3/CCl4 s o lu ­






F ig u re  28b. Nmr s p e c tr a  o f  d im e th y ln itro sa m in e  s h i f t e d  w ith  E u (fo d )3 , 60 MHz. The sam ple was
d is s o lv e d  in  CC14. The numbers on th e  s p e c t r a  in d ic a te  th e  volume ( u l )  o f  E u (fo d )3 /C C l4 s o lu ­
t io n  added.
5 PPMffi 4 3 2 1 C l "
F ig u re  29. Nmr spectrum  o f  d ie th y ln i t r o s a m in e  ( V ), 60 MHz. The sample was d is so lv e d
i n  carbon  t e t r a c h l o r i d e .
F ig u re  29a. Nmr s p e c tr a  o f d ie th y ln i t r o s a m in e  (V) s h i f t e d  w ith  E u (fo d )3 , 60 Mhz. The sample was d is
so lv ed  in  CCl4 . The numbers on th e  s p e c tr a  i n a ic a te  th e  volume in  ^1 o f  E u (fo d )3 /C C l4 s o lu t io n
added to  th e  sam ple.
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F ig u re  29b . Nmr s p e c t r a  o f  d ie th y ln i t r o s a m in e  (v )  s h i f te d  w ith  E u (fo d )3 , 60 MHz. The sam ple was d i s ­
so lv ed  in  CCl4 . The numbers on th e  s p e c t r a  in d ic a te  th e  volume in  p.1 o f  E u (fo d )s /C C l4 s o lu t io n




F ig u re  29c . Nmr s p e c tr a  o f  d ie th y ln i t r o s a m in e  (j£,) s h i f t e d  w ith  E u (fo d )3 , 60 MHz. The sam ple was d i s ­
so lv ed  in  CC14 . The numbers on th e  s p e c t r a  in d ic a te  th e  volume in  p,l o f  E u (fo d )3 /C C l4 s o lu t io n
added to  th e  sam ple.
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F ig u re  JO. Nmr spec trum  o f  d i i s o p ro p y ln i t r o s a m in e  (V i ) ,  100 MHz. The






F ig u re  30a . Nmr s p e c t r a  o f  d i i s o p r o p y ln i t r o s a m in e  (Vl) s h i f t e d  w ith  Eu(dpm)3 , 100 MHz. The sample was
d is s o lv e d  in  CC14. The numbers on th e  s p e c t r a  i n d i c a t e  th e  volume in  u l  o f  Eu(dpm)3 /CCl4
s o l u t i o n  added to  th e  sample.
34.04
PPM (5)
F ig u re  30b. Nmr s p e c t r a  o f  d i i s o p r o p y ln i t r o s a m in e  (\Tl) s h i f t e d  w ith  Eu(dpm)3 , 100 MHz. The sample was
d is s o lv e d  in  CC14. The numbers on th e  s p e c t r a  i n d i c a t e  th e  volume in  p,l o f  Eu(dpm)3 /CCl4
s o lu t i o n  added to  th e  sample.
V/chj R
jt>~chjO
PPM ( 6 )
F ig u re  5 1 . Nmr spectrum  o f N - n i t r o s o - 1 , 3 , 3 - t r im e th y l - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c ta n - 5 - o n e  (IX ) , 60 MHz.
sample was d i s s o lv e d  in  d e u te r io c h lo ro fo rm .  The ze ro  on th e  spectrum  in d ic a te s






2 ppm is) i
F ig u re  J l a .  Nmr s p e c t r a  o f  N - n i t r o s o - 1 , 5 , 3 - t r i m e t h y l - 2 - a z a b i c y c l o [ 2 .2 . 2 ]o c ta n -5 -o n e  (ix) s h i f t e d  w ith
E u ( fo d )3 , 60 MHz. The sample was d i s s o lv e d  in  CDCl3i The numbers on th e  s p e c t r a




F ig u re  3 lb .  Nmr s p e c t r a  o f  N - n i t r o s o - 1 , 3 ,3 - t r im e th y l - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c t a n - 5 - o n e  (ix) s h i f t e d  w ith
E u (fo d )3 , 60 MHz. The sample was d i s s o lv e d  in  CDC13 . The numbers on th e  s p e c t r a






F ig u re  J l c .  Nmr s p e c t r a  o f  N - n i t r o s o - 1 , 3 ,3 - t r im e th y l - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c t a n - 5 - o n e  ( l£ )  s h i f t e d  w ith
E u (fo d )3 , 60 MHz. The sample was d i s s o lv e d  in  CDC13 . The numbers on th e  s p e c t r a  'ro
i n d i c a t e  th e  volume in  ..1 o f  E u ( fo d )2 /CDCl3 s o lu t i o n  added to  th e  sample.
Me
le + v ' N - 0 -
2  p p m («) 1
F ig u re  ?2.  Nmr spectrum  o f  N - n i t r o s o - 1 ,5 ,5 - t r im e th y l - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c t a n - 5 - o n e  ( IX ) ,  100 MHz. Thea z a b ic y c lo [ 2 ]o c tt r i e t l 2 ' 2n i t r o s o 5 an9 9
sample was d isso lv ed -  i n  c arbon  t e t r a c h l o r i d e -
2 .5  PPM (5) 2j0 1.5
F ig u re  52a . Nmr s p e c t r a  o f  N - n i t r o s o - l , 3 ,3 - t r i m e t h y l - 2 - a z a b i c y c l o [ 2 .2 .2 ] o c t a n - 5 - o n e  (ix) s h i f t e d  w ith  t-
E u (fo d )3 , 100 MHz. The sample was d i s s o lv e d  in  CC14. The humbers on th e  spec tra"  i n d i c a t e  -li­
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one (IX) shifted with 
The numbers on the spectra indicate
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Figure 32b. Nmr spectra of N-nitroso-1,3,3“trimethyl-2-azabicyclor2.2.2;]octan-5-
Eu(fod)3, 100 MHz. The sample was dissolved in CC14.
5'
the volume in ^1 of Eu(fod)3/CCl4 solution added to the sample.
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F ig u re  32c . Nmr s p e c t r a  o f  N - n i t r o s o - l , 3 ,3 - t r i m e t h y l - 2 - a z a b i c y c l o [ 2 .2 .2 ] o c t a n - 5 - o n e  (ix) s h i f t e d  w ith
E u ( f o d ) i ,  100 MHz. The sample was d i s s o lv e d  in  CC14. The numbers on th e  s p e c t r a  i n d i c a t e
th e  volume in  u l  o f  E u ( fo d )s /C C l4 s o lu t i o n  added t o  th e  sample.
F ig u re  33- Nmr spectrum  o f  N - n i t r o s o - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c t a n e  (x x il) , 60 MHz.
The sample was d i s s o lv e d  in  d e u te r io c h lo ro fo rm .
20
PPM (5)
F ig u re  33®* Nmr s p e c t r a  o f  N - n i t r o s o - 2 - a z a b ic y c lo [ 2 .2 .2 ] o c t a n e  s h i f t e d  w ith  E u (fo d )3 , 60 MHz.
The sample was d i s s o lv e d  in  CDC13 . The numbers on th e  s p e c t r a  i n d i c a t e  th e  volume in  p,l
o f  E u (fo d )3 /CDCl3 s o lu t i o n  added to  th e  sam ple.
A&B




F ig u re  33b .  Nmr s p e c t r a  o f  N -n i t r o s o - 2 - a z a b ic y c lo [ 2 .2 .2 1 o c ta n e  (XXIl) s h i f t e d  w ith  E u (fo d )3 , 60 MHz.a z i l [ (fi i212n i t r : < 3
The sample was d i s s o lv e d  in  CDC13 . The numbers on th e  s p e c t r a  i n d i c a t e  th e  volume i n  p,l





F ig u re  Jb.  Nmr spec trum  of N - n i t r o s o - 4 - a z a t r i c y c l o [ 4 .3 « l » l 3 , 8 l undecane (XIV), 100 MHz.
The sample was d i s s o lv e d  in  d eu te r io ch lo ro fo rm *
PPM i <5'
F ig u re  *i-a. Nmr s p e c t r a  of N - n i t r o s c - - - a z a t r i c y c l o r i-. j . 1 .1- j '^u n d ecan e  (XIV) s h i f t e d  w ith  Eui'fod)^,
100 MHz. The sample was d i s s o lv e d  in  CDCl3 . The numbers on th e  s p e c t r a  i n d ic a te  the




F ig u re  ;^ b .  Nmr s p e c t r a  o f  N - n i t r o s o - b - a z a t r i c v c l o ^ - . J . 1 . i ? »=~undecane (XT/) s h i f t e d  w ith E u (fo d )3 ,
10? MHz. The sample was d is so lv e d  in  CDC12 . The numbers on the  s p e c t r a  i n d i c a t e  the
volume in  u l  o f  E u (fo d )2 /CDCl;. s o l u t i o n  added to  the  sample.
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F ig u re  3 5 . Nmr spec trum  o f  N - n i t r o s o - 7 “ a z a b ic y c lo [ 4 .2 .2 ]d e c a n e  (XX), 100 MHz.
The sample was d i s s o lv e d  in  carbon  t e t r a c h l o r i d e .
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F ig u r e  35a * N™1- s p e c t r a  of N - n i t r o s o - 7 - a z a b ic y c lo [ 4 .2 .2 ] d e c a n e  (XX) s h i f t e d  w ith  E u (fo d )3 , 100 MHz.mr - n i t r s T
The sample was d i s s o lv e d  in  CC14. The numbers on th e  s p e c t r a  i n d i c a t e  th e  volume
in  c,l o f  E u ( fo d )2 /C C l4 s o lu t i o n  added to  th e  sample.
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F ig u re  35b .  Nmr s p e c t r a  o f  N - n i t r o s o - 7 - a z a b ic y c lo [ i r .2 .2 ‘]decane (XX) s h i f t e d  w ith  E u (fo d )3 , 100 MHz. 
The sample was d i s s o lv e d  in  CC14’. The numbers on th e  s p e c t r a  i n d i c a t e  th e  volume
in  p.1 o f  E u ( fo d )3 /C C l4 s o l u t i o n  added to  th e  sample.
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F ig u re  3 6 . Nmr spectrum  o f  N -n i t ro so - l l - a z a b ic y c lo [ l+ . l | . l* 3 u n d e c - l - e n e
The sample was d i s s o lv e d  in  a c e to n e -d 6 .
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F ig u re  37- Nmr spec ttra  o f  N - n i t r o s o - l l - a z a b i c y c l o [ f . 1. l ] u n d e c - l - e n e  (XXIV̂ ) s h i f t e d  w ith  E u (fo d )3 . 
The sample was d i s s o lv e d  i n  carbon  t e t r a c h l o r i d e .  Only th e  p o r t i o n  o f  th e  spectrum  c o n ta in in g  
th e  C-c b r id g eh ead  hydrogens i s  shown. The numbers on th e  s p e c t r a  i n d i c a t e  the  
volume in  (j,l o f  E u ( fo d )3 /C C l4 s o lu t i o n  added to  th e  sam ple.
GENERAL SUMMARY
The s t r u c t u r e  o f  a number o f  b i c y c l i c ,  t r i c y c l i c ,  and r e l a t e d  
a c y c l i c  N -n itro sam in es  has been i n v e s t i g a t e d  by means o f  nmr te ch n iq u es  
and by means o f  quantum chem ica l te c h n iq u e s .  The p r i n c i p l e  f in d in g  in  
a l l  th r e e  c a s e s  i s  t h a t  th e  geom etric  a rrangem ents  o f  th e  a lk y l  p o r t i o n s  
o f  th e s e  compounds g r e a t l y  a f f e c t s  th e  conform er r a t i o .  In  f a c t ,  th e  
b i -  and t r i c y c l i c  N -n itro sam in es  s tu d ie d  in  t h i s  work r e p r e s e n t  the  
f i r s t  c l e a r  ev idence  t h a t  a  hydrogen , s u b s t i t u t e d  on atom 5 o f  th e  
p s e u d o - a l ly l i c  system  (see  F ig u re  1 ^ ) ,  i s  s t e r i c a l l y  bulky  enough to  
cause  a rea rrangem en t around th e  N-N p a r t i a l  double bond to  pu t the  
oxygen a n t i  to  t h i s  s u b s t i t u e n t .  Ring s i z e  and f l e x i b i l i t y  a l s o  p lay  
an im p o r tan t  r o l e  in  the  conform er r a t i o .
The p h o to e le c t ro n  s p e c t r a  show t h a t  th e  Tf m o le c u la r  o r b i t a l  
i s  h ig h e r  in  energy  than  th e  n m o le c u la r  o r b i t a l  in  th e  N -n itro sam in es  
s tu d ie d .
This  a r e a  o f  s tudy  o f f e r s  g r e a t  p o t e n t i a l  f o r  f u r t h e r  in v e s ­
t i g a t i o n s .  The b i c y c l i c  N -n itro sam in es  c o n ta in in g  a one-carbon  and 
th re e -c a rb o n  b r id g e  should be s y n th e s iz e d ,  and t h e i r  s t r u c t u r e s  should  
be d e te rm in ed . Also an a t tem p t should  be made to  s u b s t i t u t e  a  bulky 
group f o r  f i r s t  one and then  bo th  o f  th e  m ethy lene  hydrogens in  o rd e r  
to  see  i f  th e  conform er r a t i o  changes . F i n a l l y ,  more la n th a n id e  s h i f t  
s t u d i e s  co u ld  be done in  an e f f o r t  to  more a c c u ra te ly  e x t r a p o l a t e  some 
o f th e  chem ica l s h i f t s  which a re  no t e a s i l y  fo llow ed  because  th e  bands 
a re  h id d en  under complex m u l t i p l e t s .
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